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PREFACE 

TO THE THIRD EDITION. 



BsiNa again called upon to prepare a new edition of this work, 
I have anxionsly endeavored to render it as complete as possible, 

and worthy, in some degree, of that patronage with wliich it has 
been previously honored. I hope that none of the rich contri- 
butions to experimental physical science, which have been made 
public since the last edition, have been overlooked. In making 

these necessary alterations and additions, it has been niy earnest 
desire, never to lose sight of the humble and limited design of 
this work, and which, indeed, first induced me to offer it to pub* 
lie notiee* 

MyddeUon Squart, 
Jkc 1847. 
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FBEf ACE 

TO THE FIRST EDITION. 



The best apology that can be offered for presenting this volume 
to public notice, will be found in the reason which suggested its 

compilation, viz., the absence of any syjstein of physics, suffi- 
ciently extended to include all those subjects with which men of 
education, especially members of a liberal and important profes- 
sion like that of medicine, ought, and are required, to be familiar 
with ; and at the same time, not too diiiuse to disgust or weary 
the student. 

To the student of medicine, and chemistry in particular, the 

want of a concise, aiKl yet sufficiently comprehensive work on . 
physics has been long ielt ; as, without an acquaintance with the 
physical sciences, his professional education must be considered 
as far from complete ; and, independentiy of this, a knowledge 
of the principles of these sciences has lon^ been rendered impe- 
rative at the different medical boards, and has constituted an im- 
portant part of the examination which the candidate for a diplo- 
ma is called upon to undergo. 

The following manual is chiefly intended as a text-book for the 
student, whilst attending lectures on physics, or as preparatory to 
his entering upon the study of larger and more elaborate works. 
With this view it has been written; and as the great difficulty 
experienced in executing this task has arisen from the necessity 
of knowing, not what to insert, but what to omit, whenever a 
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doubt has arisen on this point, it has been determined by a refer- 
ence to the amouni of knowledge required of the 8todent» by the 
different English and Scottish medical boards. 
. A work of this kind I had long ago projected, in consequence 
of not being acquainted with any in the English languagei to 
which I could refer the students attending the lectures on physics, 
annually delivered at Guy's Hospital; although I had hitherto 
shrunk from the task, hoping that a production, so much required 
by the iiaedical and general student^ would have emanated from 
some more able writer. 

As an apology for the arraiigcment followed in this volume, it 
must be observed, that utility and extreme simplicity, rather than 
elegance of style, were sought - for» and every other object has 
been sacrificed to obtain this end. The division into numbered 
paragraphs was adopted, as every chapter would thus become a 
kind of running commentary on the others, and would, moreover, 
facilitate reference to distinct subjects in the Analytical Index. 

I regret, as every writer on so extensive a series of subjects 
must do, the impossibility of doing justice to every laborer in 
the iield of philosophic inquiry* by referring each discovery to its 
author; as far as this could, without circumlocution, be effected, 
it has been done. For discoveries of longer date, as they have 
beconie the common property of science, there needs no apology 
for not, in every case, mentioning the name of their authors in a 
strictly elementary^ work. 

I have been greatly indebted to several writers in the French 
and German languages, for many suggestions and illustrations, of 
which I have never hesitated to avail myself, whenever they ap- 
peared to divest any subject of obscurity, or to add to its interest. 
To the "Precis de Physique" of Biot, the "Elemens de Phy- 
sique'* of Pouillet, the " Traite d^ Physique" of Hauy, the " Po- 
sitions de Physique'' of Quetolet, and the Gnindriss der Experi-> 
mental-Physik" of Kaj^tner, I have been peculiarly indebted for 
several illustrations, some of which have not, I believe, previously- 
appeared in an English dress. 

Having thus explained theobject and unpretending character of 
i\u:i volume, I trust enough has been said to blunt the edge of 



Digitized by Google 



PREFACE. 



criticism, should such, perchance, be levelled against it. The 
critic himself* I would beg to remind of the celebrated observa- 
tion of Horace:— 

Sunt delicta qoibiis noa Ignorisse yelimiifl, 

Nam neqae chorda flontim reddit quam Yult roanus et mens; 

Nee semper feriet qnodennqua minabitur arciu." 

Those readers who desire further information on the subjects 
treated of in this work, and have not the assistance derived from 
attendance on lectures, may, if only a popular acquaintance with 
them be required, refer to the very elegant, although yet unfinished, 
" Elements of Physic" of Dr. Arnott, or to Sir David Brewster's 
edition of ^^Kuier's Letters to a German Princess.*' Those who 
require a more profound acquaintance with these important sub- 
jects, should consult, the books referred to in the body of this to* 
lume, as well as to the treatises published by the Society for the 
Diffusion of Useful Knowledge. The series of Essays written 
by the professors of King's College, London, now in the course 
of publication, will also furnish most valuable comments on this, 
and other elementary works. 

In the execution of this task, I have experienced but one source 
of regret, and one which every person engaged in the duties of a 
laborious profession must feel, when called upon to write on a 
series of suhjocts, to a certain extent distinct from his immediate 
duties, and requiring, for tlieir elucidation, a much greater amount 
of time, than his more onerous engagements will allow him to 
. devote to them ;— a source of regret arises from the feeling, that 
a work of this kiud had not appeared from the pea of one better 
fitted to the task, than of him who now offers it to public notice* 

October^ 1839. 
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PEEFACE 

TO TH£ SECOND EDITION. 



Ik this edition I have endearored to make sneh improTements 
as shall render it worthy of the patronage bestowed upon the fiisty 

which has been for some time out of print. 

The principal additions made to this work consist in the intro- 
daction of three chapters, embracing the subjects of thermotics, 
and t}ie chemical action of light. The chapters on electro-chemi- 
cal decompositiony and part of those on polarized light, have 
been re*written. I have endeavored to elucidate, as much as pos* 
sible, whatever appeared obscure) so as to facilitate the labors of 
the student. To assist which, about eighty new wood-cuts have 
been added* 

Myd^m Square^ 

Auv. 1843. 
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INIEODUGIOBY DISGOUBSE. 



' Thk natural phenomena which are incessantly developing themselves on 
oor esffdi, and in the ymtft ipaoe aioimd v»f ofltar to our vtow to magniflQeiit a 
spectacle, that the euriosttjr of the most Kstlees obsemn beoooMi powerltaUf 
aiooaed, and in spite of himself he is oompelled, in a gte a ier or lees degree, 

to meditate upon the canses rnpabTe of prodncinp^ pnch marvellons effects. 
Scarcely is man emancipated from the traminels which confine the reasoning; 
powers during lisping infancy, ere his childish attcTition becomes attracted by 
the objects so iaviidiiy soittered around him by die bounteous band of nature j 
he dbeervee with alt the energy of his yoang mind the hriUiani cooefesllptlont 
bespangUog die iinnaraeDt» aiki the dim outtioe of the distant ]andeom>e, whilsl 
dM lees fltifldtag, but to him equaHf important, the abstmct pioperties of mau 
ter, force themselves on his maturer understanding : the weight of all surround- 
ing bodies — ^the rippling of the village brook, or roaring of the torrent — the 
summer's breeze, or wintry hurricane — alike attract his notice; and, from th« 
brilliant vault of heaven to the surface of his own terraqueous habitation, he 
culls food for meditation, and finds everywhere infinite sources of wonder 
and delii^t. Bat, in the midst of the vast range of natnml eflfocts, it to not 
given to his^intidleetQal ihcoitiee toaoqnire atonoe a knowledge of the causee 
producing them, nor to grasp by one bold efibrt of the mind, a comprehemion 
of the laM's which these phenomena obey. By slow degrees has thi'? know- 
letlpn been acquired; and even now, notwithstanding the number of zealous 
and devotc(i laborers in the field of natnml science — notwithstanding tlic ac- 
cumulated experience of ages, is this knowledge, on many and very import- 
^t points, deficient. This, however, so fhr from daunting the student at the 
ontiet of hto oafeer,slioald holdonta gceat attraction Ibr him ; urging hto eier* 
tions in the cause of. science, by the pco^pect it extendi of feward in the 
achievement of some grand discovery; which may» peichance, place his in 
that bright galaxy of name" which has atoned seienec, and be transmitted to 
an admiring posterity by tbe side of a ikoon, a l*'xankUn, a Uerschel, or a 
Davy. 

• Few things are more interesting than to trace the history of the develop* 
ment of the efforts of the human mind, fiom the earliest dawn of inftnt icienoe 
in the veooids of past times, thiough the depressing gloom of the Inrid and 
snperslitkNis «m of the dark ages, when science was denounced as a crime, 

and a Bacon, and a Galileo, for being its successful cultivators, subjected to the 
thraldom r»f the Inquisition, up to our own bricxliter and happier day^, in which 
philosophy and the allied branches of knowledge are recognized as objects of 
the first importance, the man of science respected, and his acquirements ap- 
preciated. What singular and diversified opinions do we not meet with upon 
record oonoemiog the properties of bodies anct their compootfut elements ; upon 
4 
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the pxinolples and IbsoM wliieli mot on inert matter, and miunlnin the har- 
mony of the universe. What mazes of hypothesis and errors shall we not 
find! — what a deep mi?!t of confusion! — in the midst of wliich are scattpred 
a few truths, the offsprings oi earlier talents, like j^tars, rendering more iniensje 
by contrast the darkness of the veil of ignorance and error, obscuring what 
little was known of natnre*s laws. Well has it been nid, by a talented 
writer of the preaent day, that It is *'a eonditioa of our race, that we mnat 
mwm wade thuooi^ nmit in oar advaaoe towwds tn*h; and it maj C'v^ he 
■aid, that in many cases we exhaust every vaiiety error belhre we attain 
the de?iired goal. Bnt tmths renr'hpd hy ?uch a cotiTse arealways most hii^hly 
to be valued ; and when, in addition to tlii'^, they may have been exposed to 
every variety of attack, which splenditl talents, qnickened into energy by the 
keen percepiioii of personal interests, can suggest j when they have revived 
mdying ftem die gloom of unmerited neglect ; when the anathema of api- 
litual, and the arm of secular power hare been found as impotent in suppress- 
ing, as tMv wgnmeiito were in lefiiting them — ^tbcn the/ aiii indeed irre- 
sistible. Thus tried, and thus trinmphaRt, in the fiercest warfare of intelleo- 
tuRl Strife, even the temporary interests and furious passions which nrs:ed on 
the contest have contributed in no small measure to establish their value, and 
thus to render tiiese truths the permanent heritage of our raca Viewed in 
this light, the prc^iagation of error, although it may be nnfiiTorable or fatal to 
Ilia temporary inlaiaila of att individtHd, can nefw ha hmg injuriooa to 4io 
eanie of imhb It maj^ at a paiticttlBr tlma^ xetaid ita pfogwa a ii? » wbSli^ 
but it repaya the transitory iojiiry by a betiafit at partnanent aa the dmatioii 
of the truth to which it is opposed!"'* 

Under the general term of Natnral Philosopliy is comprehended so vast a 
lange of inquiry, that some division of lahjr becomes necessary not only for 
the teacher, but the student bunie of the sciences included under this title 
are so absolutely necessary to the ordinary duties of oirilized life, that they fbrm 
m iaipettant pari of early odneation. The propertlea of munhoni inelnding 
eniinaif , k«Bijainiic,aiidalgeibniB ariifametio« a geneml ontliBe of the anaage- 
mentt of die tmiverae, comprehending astronomy and geography, with mathe> 
matics and geometry, fall under this hend, and now constitute a part of the 
acquirements of every well-educated member of society. Divested of these 
sciences, Natural Philosophy may be divided, Ist, into the knovvledge of the 
arrangements o£ the strata composing uur globe, and of the remains of the 
astindl aad wmiderftd iiAabitattts of Ae primotal world, finrming the sciences 
of gBotogf and physical geography ; 2dly, into tho etody of ttie efleota treaoit* 
Sag from the action of atoms of different forms of matter upon eaoh other, 
constituting the splendid and comprehensive acience of chemistry; and 3dlj, 
into an investjcrition of the constitution of maa*tf»s of mntter, thr> laws govern- 
ing tlicm, and the mutual action of dillerent atomy of the sajne kind j with an 
cxaniination of the relation they hear to space, and to the various members of 
the universe, comprehending Uie study of physics.t 

Tlie latter vast and beanttfiil range of inquiry is that which we are now 
to ooimlMnoe investigation of, wliose hiws we am to gtndy, and whose 
aAelt we must ea d e av oi to appreciate. It is soaioely neoettary to state, that 
a geneml aoqnaintanoe with the prineiples of thiir portion of namral know^ 

leclge, is indisper^pable to every one whose duties or inclination induce hira 
to investi;.';atc any of the phenomena eoimeotcd with the orpmic or inorganic 
world, or that a correct acquaintance with even tlie rudiments of chemistry 
cannot be obtained without ihein j the ellects oi chemical aihnity and electric 

• Babbage, Brtdlgewater Treatise, p. 9& 
t ^^ric» aalttra. 
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actioa being so connected, that, in the opinion of one of the most eminent 
philosophers and successful culiivators of science of the present day^ thfljf^ 
depend upon one and the same cause for their production and ofFects. 

Complex and obscure as the laws oi ihu luatenai universe umy appear to 
flw MSfptMahil ofawBW, nnoondacl 1^ diOniltiM and lott in ibs mm of 
phmiBm aromd him, he mi^ be teniplsd»yke die ^gkikmtfiban oT M^lm 
jefer eyery effect to its own peculiar cause ; a cause iniMtti to the Mlbetanotf^ 
essential to it, and animating like a soul. Far otherwise are oonolosiotii 
arrived at by him who, patiently investigating the appearances of the material 
world, is guided by tlie unluclive reasoning of the iiaconian sclwx)! : A* traces 
eifects to their proximate causes, and generalizing these, is led to the discovery 
of a few simple laws, obeying which, atom unites to atom, and mass to luass, 
10 §am a world, loUiog in its appointed ipliere BimiDd liie ontte of oor tfm 
tern, the graot aowDO of iigkt And heeft^^Hfcf toon diMfOis that, inthebeaati^ 
fid atmplicity of Nattno*s }bw9, die app a ie ndy numi inaignidoaal^ and the most 
gi^mtic effects are frequently produced by one and the same (»ase; he dia» 
covers that the very law which presides over the motions of the luminous 
orbs which roll in space around him, causes the scattering of flour from tiie 
edge of the mili^siones, and of drops of water from the wet revolving car- 
jnage-wheeL That the law regidating the &Uing of an apple toirarde the 
earth, la idonlioal with that whM witiirfi tho moimtalna on tiieiv bionihaMt 
and the planets in thai? a|diores. Nay, nawe, he learns that wfdi nRh eon^ 
aummate witdam have canse and effect been related, that the very same power 
is often sufficient to produce effects apparently totally opposed. Thus, the 
force hy wliich the ocean is retained in us bed is the same as that by which 
^e ships Hoat ii{>on its surface; the law which regulates the velocity of a faUp 
ing avalanche, is identicai with timt by whidi the balloon ascends in the air-^ 

and the power by which lotfanta in ftUa d Kiagara acqutta i1mI» 
tanifie iroMlf,is«ho mio whioh kaa lolaiaad nonavod ftc agoi, die aoUd 
locks fiom which they de^send. 

Experience and ohiervation constitute the true guides for the inve<?tigation8 
of the philosopher; and, aided by the soundest inductive reasoning, they, in the 
hands of the immortal author of the Priricipia, developed those great truths 
which astonished the world, and whose ligiit ultimateiy dispelled the last 
traces of obscurity widi which tiie Aristotelian and OarteBian Sj/vtems eon* 
tuined to anflnmbBT philosopfay. The ealebtaiad JUgtOi Pkib m p k mH left m 
hf Newton eannoi be loo dMply inaprewed upon the mind of iha alndenl| 
and ahonid ha conftdfld in at tho best golias in laaaoniag fioin o^OBinei^ 

RULs r. 

We are to admit no more causes of natural things than such as are boUX 
true and su^tiotent to explain their appearances. 

KUU 11% 

Therefore, to die tame nSlnialefl^Wo nnutias ftr as posMe^ assign 
die iame canaea. 

BULB III. 

The qualities of bodies, whirh a<imit neither intension nor remission of 
degrees, and whic h are Umnd to belong to aii bodies within the reach of our 
experimeuUi, are to be ebteemed the nniTonal ffl alitW O of all bodies Wfafttso^ 
•Yor. 

RULE IT. 

In experimental philosophy, we are to look upon propositions collected 1^ 
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genera! induction from phenomena as acscurately, or very ne^irl v true, not- 
withsiamJiiig any coalrary hypothesis that may be imagineU, till such lime as 
other pheoomena occur, by which they may eidier be made niQie moeanta^at 
liaUe to exoaptioni.* 

Bftlbie we ean Mtiafretorily proceed to an invMtigation of the laws goveriH 
ing BMittw, ia the nwnes in whidi k is presented to our senses, it is obTious 
that socnethirt? approaching to a sncrinct and tolerably niear view of the in- 
ternal composition of each individual material inns? sliould be obtained. By 
the physical coaiposilioii of' a mass of a material subaianue, we by no means 
refer to its chemical constitution j we do not inquire which or bow many of 
those substanoBt, whkdi ohemitis at pfeaent. oooaidar aa piunaijr or timple, 
are present; we reftr aolely to the pfajraScal ttrodiife of naas. ThiMi fix 
example, in a ball of marUe, wbiiji is known to oootist of carbon, ofxyfea, 
and calcium, it is not inqpiired how much of these respective ingredients are 
present, but m what manner the minutest physical atom of the com pound 
(chemically speaking) substance, marbiei is held in connectioo or relation to 
that next to it. ' - « 

It would be useless to occupy time by recapitnlatiiig all the tbeoriee that 
liaTe been propoaed fyt the leaotutian of this queatioii fiom the time of Leo* 
eippos, Demo^kas, and the great philosopher of Stagjrra, to cm own era. 
Mnitiful and iogenious as many of these hypotheses are, they often fail to 
bear the rigid invc«ti^tion of truth, and too frequently nre found to have their 
superstructure based on no better foundation than tliat u( the bnliiant and far* 
tile imagi nation of those who introduced them to the world. 

If we take a mass of any iurm of mailer, and reduce it to the fine^ impal- 
paUe powder by any meehanioal iiieaii8» it tnnet not be conaktefed that diis 
state ot oommiiuitioiia however flne and miaute, has pnt us in p oss essi on of 
aioavs of matter in their minutest state of division ; for, on examining with a 
lens a particle of the powder thus obtained, we find it closely resembles in its 
physieal characters the mn?9 from which we obtained it, and of w!\ich it 
may be regarded ns a miniature likeness. So that it is probable that, had we 
cutting instrutr)L'uis suiiicienily delicate, and visual organs sufficieiuiy inicfo- 
scopic, we migiit continue dividing this particle into numerous smaller portions. 
This eireumitBiioe has been Teiy lately proved, by the micrasoopie laboca of 
Ehienbeii, to be stnctly and litmllj eoneoti and to bold good where it was 
least expected. This philosopher, among other observations, has shown that 
rarbonate of time, in its minutest slate of comminution, after it has been ex- 
posed to the action of a mill, and then the finest portions separated by the 
operation of ehitriation, still under a good microscope appears to be composed 
of transparent rhomboids, with angles as perfect as in the finest specimens of 
oaloareons ^wr. Bim arises the first question Jo this stage of our inquiry^ 
Ibr, admittiii^ that we are able to conthiae our division of the particlea, we 
dioald naturally ask, what would be ks limitl— could it be oarried on to in* 
finity, or is there a point at which h must slopf There are some philosophers 
who consider that this state of division may be carried on to infinity, and, 
consequently, that matter is divisible forever. If this be the case, there can 
be no such thing as an atom; certainly not, if its strict definition be adhered 
to. What, then, can a mass of matter be constructed of? Can it be supposed 
to consist of an aggregation of inflnitelj divisible partioieat If so^ of what 
am these partieles themaelves composed, if their diviaion can be continued 
Ibrever? So that we are abnost compelled to regard the diviskm of xaattar 
as limited: for, if we do not admit this finite division of masses, we can Jbnve 
no idee, or capability of appreoiating its oompound partielee. To appreomte 

• Prhicip. Math. Philos., lib. iU. 
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tMoahem, wtt uinil h» Mqnifttted with nanibar of units th«f oimMb; I» 
appreciate a mass, we miiac admit tlie «littdiiee of a finite diTiite into par- 

ticlea or ntom«s. AgRin, no one can mippose mattrr to bo els<* than mortal; it 
is no attribute of spiritual or immortal beings; then, if we admit that matter 
is essentially connected with beings which are limited in duration or exist* 
once, does it tK>t appear to involve au absurdity to suppose that the confltitii- 
«nltorilialwlijdiUliiftilDdla«xi0teno»miiii^^ 'It would 

he as eaij- betfere that a moment of time raajr be lengthened into an la. 
Mljr of ag6i» at to mtppam ibat nmiter is infinitely divisible. Nothing con 
be more revolting to reason than eternal time; infinite divisibility is ixit less, 
nbsnrd;"' although it mnst be acknowledged a most difliralt tnsk to Rdflurf» a 
precise refutation of all tbo mathematical sophistry and Eubtleties concerning 
infinite divisibility, witii which the question has been loaded. The mind is 
unable to continue the contemplation of this subject; it becomes bewildered in 
tbo umbsos of tlw ^nsstibD, and seeks iriief flMii dio olMoority sovBliiping 
labfriiifhs whldi tbo tfainking powevs are unable to penstmte^ in the oeo* 
skleiotion of dednoiioiis ooontsoanoed reasoning; eKpetimen^ and obiem^ 

Hon 

We liave next to inquire, by wliat foreo the particles of matter, whicli we 
have ubtfiineii by the mechanical comminution of a mass, were held toL^ether 
previous to their forcible separation. iSome force must exist for tiiis purpose, 
otberwlso no audi ^ng as an aggregatton of aKNns ftnmng m mass ooold 
Mune; fNr wo can ooosfider partioles of dead mailter only as absolntelT tnon; 
and, therefore, of itansehres could not oppose that obslade to their ibrciUA 
aepaMRion which is presented by every solid material mass ; and this reasoning 
brings us to notice a most energetic force presiding over the internal constitu- 
tion of bodies. This force is attraction : and constitutes the unseen band by 
whose aid one particle of matter is held in close approximation to a second, 
and thus cauBes the formation of a mass. Reasoning from known fectSi teaches 
JBS that this attraodvo Ibrce most be oonmderable, otherwise it would be im* 
possible to aeooant Ibr die diffienlly we experience in attempting to divide a 
ma^of any substance; it also teaches ns that its sphere of action is limited to 
distances quite insensible to the eye, even when a?«'i'?te<! by the best micro- 
sen] je? For, having once reduced a mass to powder, the minute particles com- 
posing it ought aicain to unite on collecting them into n heap on a piece of 
paper ; for tiiey appear to the naked eye to touch each other, and therefore to 
afibrd every opportunity for the exertion of a mntoal attractive Ibroe to reeon> 
■met the mass we have dtsintegrated. But we know that diis attraction does 
not become appaient; the particles of matter do not fly together,^ unite, and 
form a mass ; therefbre, it must follow that the sphere or extent of moleoola^ 
attractive force is extremely limited. 

The attraetion l>etween two particles cannot be infinite^ for if so, no earthly 
power could ellVet tlieir separation; hence there must exist some power of 
force moditying tiiis attraction, acting consequently in opposition to it For it / 
appears eWdent from the results of experiment tfaati attboogh two paitides 
have so powerfiil an attraction for one another, as soon as tli^ are brought 
within the sphere of each other's attraction, that they unite and constitute one 
mass; yet, that if it be attempted to bring them into ab^nlnte contact, n most 
powerful resistance 's opposed to otir nttompt^, and the task l^ocomes imprac- 
ticable, dpmonstratins; the existence of a repulsive force between individual 
particles as well as between masses of matter. Admitting the existence of 
these two forces, aaractioi\ and repulsion, acting on the particles of matter, let 
US investigate the attributes of the latter in its minutest physioal stats of di- 
Tirion, rejecting entirely Hie hypotheses I have hinted at, which consider 
tnaiter either as infinitely divisible or as entirely nan ekistent: Ibt thectiet of 
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this kind must be regarded as purely metaphy?icml, and ilierefore quite flistinot 
from our present investigaiious. Indeed, by reasoning on mutter in ihe abstract, 
we gain comparativeiy iiuie ; it 15 by etudyiog it ia relation to other maBeeS i 
and the external wot U, that we gBin any ptadkal^ nMful inlbniiaiioii. 

It hm been ftdrlf deduced flom aocuimte zeaaonmg and qbtemikm, that 
all ultimate plqrBiGal, indivisible atoms, posMSS the attributes of impeoeinip 
bility, hardness, and figure. What their form really is, it is impossible to say; 
philosophers have exbaustcd the fertility of their imaginations on this subject. 
The ancients supposed them to be pos^cdaed of various forms ; most inoUern 
writers have assumed them to be spherical; and, certainly, in reaKXuing oa 
their properties and attributes, this fiitm is Ibund mo«t available ; a late Italiaii 
author bat attempled to prove them to be pyramideL To enter into theie 
ipeeDlatiom vroold, howevei^ be lueleis and oepiofitable, as it is self-evident 
that no direct proof oan be brought to bear upon the subject If the com- 
ponent atoms of any form of matter be placed sufficiently near to each other, 
by the action of a mutually attractive force, we have a solid produced; if a 
repulsive energy be then exerted, the atoms Uy asunder, and we have a soft 
mlidy or Itquui; and this, upon a siill farther appUcation of repulsion, becomes 
eonveitad into a gas, or wqnn-^ ficom the more distant separation of Ita oonn* 
ponent aioma. As an exampleof these dlAeient states, let us takeiee* This 
Is a well known solid of ooosideiable hardness, justiljing the idsa that its 
atoms are very closely approximated to each other; on applying a gentle heat, 
these atoms separate, and a tiuid, water, is produced; a still greater de^oe 
of heat causes a luriher reparation of atoms, and a vapor, steam, is generated : 
in this state a given number of atoms occupy a space uiore than seventeen 
bundled times greater than they did when constituting fluid water. Many 
other fbvms of matter may be made to assume the several states of soKd^ jfiitd; 
and gat. In the oase of carbonic acid, this is beautifully demonstiated,an in- 
visible gas having, under powerful pressure, its molecules so approximated 
that a fluid is formed ; and then, under the infliien(?e of intense cold, a still 
further approximation ensues, and a white solid, resL'inblinjj; j^now, is produce<h 
All these several stales of ni;itli r will fall under our ub»ervation in tbe in- 
TesU^atioii of the sciences oi Statics, Dynamics, Hydrostatics, and Pacaum* 
tkss. (Chap. i^Tni.) 

Masses of matter constituted in tbe uuumer thus described are said to be * 
hriuky if the attraction between their atoms is so weak as to be overcome bf 
a slight blow ; — to be ten€unou8y if this attraction is so intense tliat it cannot 
be readily overcome ; — Find to l>e elasf ir, if upon the appliention of force, their 
atoms allow of partial sepaniliuu, and ra])iill)' reunite on tlie removal of pres- 
sure. If, for example, a glass vessel be bghtiy struck, its atoms muiaeniaiily 
separate, then rapidly return to their normal state, and by a series of isocliro- 
aona oseillations, their movenMots are communicated 10 the air, an eminent^ 
elastio body: alternate dilatations and contractions ensue in those teyere oT 
air nearest the agitated body ; these become gmdually OKtended into the great 
mass of atmosphere, like the waves formed on the surface of a lake by the 
felling in of drops of rain, and gradually extend in rapidly dilating circles 
until they vanish from the eye of the observer. When these vibratory move- 
ments occur with sufi^ent rapidity, they excite in the organs of hearing that 
iSfts a t i oii teimed a sonm^andon the quickness or sbwness of their suooessiou 
depend all the varieties of gmve and shrill tones. Less than siadeen yibia* 
tioDs in the second are imperceptible as a continuous sound to the most delksate 
ear, whilst tlie greatest number perceptible in that time are probably much 
leas tlian nine thousand, producing an exceedingly sharp ?onnd, or rather 
shriek. An examination of these eflects belongs to the science of Jlwuttjct 
or tSound, (^Chap. ix.) 
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■• Having assamed that all matter is ma(1e up of material, mimite, indcstnjct- 
ible, spherical atoms, we see at a glance that, let the attmciing force emanat- 
ing from their centres be ever so intense, interspaces miMt exist I^ow, as 
to the state of these interspepes, more diacrepaqcjr of qpinion has existed 
Hhu on any odmr pcant of 'phikaophio tnqtiuy ; 80010 nqpfutiiig then to b» 
emp^i others filled willi an edwceal matter. Here Descartes fimnd bis vo!> 
tices; and here the more ancient philosophers located their ether, animating 
the mass, and enduing it with its peculiar properties. The latter opinion, 
although explfxled for ages, is probably, wiih some rncxiiflcation, very near 
the truth j aii lea^niog and all experiaient tending to the belief that these 
intenfiaoet ave filled with an Impondeiabln form of matiBr, playing a uKMt 
important , part in tlia phenoma m i of tiM .malanal meld** Snsht iodeed« 
appeals to have been die opinion of Sir Isaac Newton, who lefinii in tlio 
queries appended to liis Optics,* to some of tiie probable properties and efiects 
of this suljtfc und imponderable form of matter. His almost 8ux>erhumen 
mind even grappled with the difficult question of the probable density mai 
elastici^ of this meditun, as comj>ared to air. Although possessing but slender 
data ftr inveatietfion, daiivod ohiafly ftom the tapidity of propagation of 
Bound, as ooropaied with that of liglit 4aduoed from the horiaBniai paiallax 
of the son, Newton has shown tl^t imponderable ether must be at least 
700,rH)0 times less dense than air; and that its elastic force, as compared to 
its iletisify, must be, at the lowest esiimair, 4 9ij,N(JL),0uu,0iJ0 times greater 
tlian that of air. It is obviiMis that this imponderable tbrm ot matter, or ether, 
which we bare assumed to occupy the intsnpaoea eiistiog betwesn Ae soliil 
particles of pondoable matter, is not limited lo these iooalitiae, bat independ<* 
ent of oocopying what wonld otherwise be Tacoa between tlie gaseous 
atoms of our ntmospbcre, even in its most attenuated state, extends beyond 
its confines, as m oU as those of all the ]x>n<lerable elements of our globe, 
into space; — here fonning an invisible and imponderable fluid ocean, in which 
the vast orbs of our universe roll on unimpeded in their majestic courses. 

It has been dbfeoted 10 thb view of liie piesenee of impoodsnibie matter 
beyond the limits of onr own world, diat it has no farther foundation fbr its 
eotistence than the necessity of its presence to support the undulatory hypo- 
thes^ of light and heat And it has been stated, that, were space actually 
full of this matter, we shoukl expect a certain amount of retardation in the 
Telocity of the planets of our universe. But when the extreme tenuity 
of ether is considered*— when it is recollected, that, in eomparsion with the 
nir we breathe^ it is at least three bnndred timse lighter than the latter is 
when compared with the density of a gianite lock, no considei^e amount 
of influence on the movements of the members of our imiverse can be 
rcnponably expected. Still, that it does pxpti nn influence is now indisputable, 
as it iias been demonstrated by Kncko, in tbc revolution of the comet which 
bears his natnei that an acceleration of two days oocura at each revolution. 
That this aooelenition of a body wbiofa poss et sc s probably no moce solidity 
than a wreath of ^por, is Ae actual resolt of a retarding inflaenoe, may ap- 
pear at first sif^t paradox ica],bnt a moment's reflection will remove all doubt 
upon t!te matter. The planets and comets, whilst revolving in paths more or 
less eccentric around the sun, move with such velocity as to generate a pow- 
erful cenuifugal or centre-llymg force, which prevents their obeying exclusively 
the attractive power»f the son; So long as tbese two ftnses are equally 
balanced, no alteration in the reirolntions of a comet or planet can occur; but 
any irariation in the intensity of ether will exert a powerful influence tipon 
these wandeiiog bodies. The existence of a retistuigmeitiam tends to retard 

• Optics, sive ds r«flexiooil>us, &c-, luciS| lib. iii-i Qu. It-ii, i^iidon, 1319. 
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♦he velocity of a moving bo<5y, and hence diminishes its ce.ntrifu^l force. The 
result of this diminution is, tiiat the comet obeys the attraction of the »iin,and 
completes its orbit in a stnaiiei ellipse than it did beXore Auch an jLoiiueiice w&a 
exerted; it oooseqiiently wMtim IM wfftmm phuM te tbe iMtvens fluUir «l 
mA wwlutfaD»io m to perfbrai mA inaneftatne^iiegtpdie AifindM^ 
awnK fomptofet its revolutiMS ift aboat 1^8 days, and loses lees tha* 
llimnaiiilili part of its Telocity at eai^ revolution, it will require 7,000 reTO* 
lutions, or about 23,000 year?, for it to move with one half its present velocity. 
Another comet, known as Biela's, which completes its orbit in 6| years, at- 
tained its apparent place in the heavens at its last revolution one day earlier 
than it would have done if no retarding medium existed. These fsuo^ weak* 
an Ae IbBoeaf one th« bm plMsiUe i^bimidmm i«gyB>t tfi* hypo Anria fif 

Om of the aaoii aaynariou mad wamdmM ptopwliM «f impondmUa 

matteri is the power it possesses, under certain circumstances, of effecting an 
alteration in the pajrticles of ponderable and even solid bodies. It is now cer- 
tain that a sunbeam cannot fall upon a body without its exerting some im» 
portant physical or ciiemical change, and that every alternation of light and 
abade wlucb ooours produces a more or less pemanaot e&ct on the sur&oe 
wiiiclmeaifiM Hiern* What eao be «o>a •vwm^ant eireii to • pnmrts thMi 
a shadow, whether we regard it ia its eomtaoMet aeaee^ or mj^pfkd to the 
beantiful colored ime^eeof the camera obscure, or the ilettling epeeHal illB» 

pions of a eoneave mirror? Yet the natural magic of mofiem science lias 
tHij^^ht us how to make even these permaoeoti and by the act of phoiogivpla^ 
(Chap. XXX.) has enabled us to 

Catch the fleeUng shadow as it flies,* 

mod has Htm ^ven ne the power of caupelUng m lenderaipe |o point Me own 

picture. 

There is this remarkable apparent difference between ponderable and ira« 
fHindeial'le matter, that, whilst to cause the former to assume motion, absolute 
contact with another ponderable mass is required, the latter assumes that 
state without visible oootact, and even at considerable distances from the 
nming power. This sMiy, however, be, after eU, only en apperent diflforeno^ 
absolute oonteolof ethereal atoms through the medhiin of the atmoaphare ia 
all probability oQcarrini^ although not obvious to OS OH eoeoaatof the invisible 
nature of the agent whose effects we are examinin^^ Thus, a bar of iron, 
wliose imponderable intcrstiiial atoms have been, by a process elsewhere de- 
scribed, arranged in such a marnier as to present the phenumeua of magneU 
ism (Chap, x.), may be placed upon a pivot, aiid yel as&ume no moticm with- 
out ooQiaot of the hand ; on eppfoaohiog it, however, by a second mass of iron, 
wboae ethOseal eions have been aioularly arianged, the suspeniUd her movee 
long belbre eoatact of the two bars occurs. And the reoent htbore of our 
great countryman, Dr. Faraday, have shown tluU this magnetism possesses a 
far higher interest to ns, its dominion not 1>eing acknowleged merely by bars 
of iron, but being obt^yed by almost every form of matter. Imponderable 
ethereal matter may be occasionally elicited in a state accompaaied by lumi- 
nous phenomena,a8, on turning the plate of an electric machine, vivid flashes 
of light rush lo the head held aeer the appeialosi presenting us witfi mimic 
li gh tni n g of the seme aetare^ and atniilating in its elieolt that which awee ae 
when exhibited on the large soale in the theatre of nature. These effects we 
shall study when investigating the science of electricity. (Chap, xi.) One of 
the most remarkable properties of this form of imponderable matter is the 
power it appears to possess of rushing through dense metallic wires like 
water through upeu tubes, this, and lis inviaibUity, oaused it to be xankeU 
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'among the most mysterioas agents ; and its almost miracnloas effects would, 
had tliey been known in the middle ages, have plac^ed, ns a knowledge of 
magnetism in one instanoe really did, its cultivators in danger of the stake 
at the hands oi' inquiaituixal igaoraiice, lor a supposed coaniyance with ihe 
IK)Mraraof darkaeiB. * 

The subtle and inyisible Ibfirn of edieraal umtlflr, when oonied to asfliime 
a vibratory or nndulaloijr moYement wilih snflicient rapidity, produce a pecu- 
liar «:pt of phenomena, whose effects are known by the terms of light and 
heat; effects of vast importance, for without them nature would he dead to 
us, its beauties no longer apparent, and this world a cheerless \^ aste. The 
vibrations of ediereal matter required for the production of the perception of 
eolort are inoonoeifably lapid, do ten tfaiin 488 mStioiiB of nuUkms in a 
■e eo nd of time, being required to communicate to the letiiia the teontkm otf 
scarlet, and 727 millions of millions in the same space of time to oommuni- 
cate that of violet; and to appreciate these rapid undulations has the delicate 
mecljauism of the eye heon arranged by an All-wise Creator. The considera- 
^ tion of these phenomena is the province of the science of Optics (Chap, 
xxt.) and Thermotics (Chap, xxtiii.). 

In the ibregoing obeemtioiii, I have ihm giren a view of the eootCkntion 
of masses of matter, snfficieiitly extended to enable the student to commence 
an investigation of their properties, and have pointed out to him those beauti- 
ful and importent bmnches of scienoe, to the elementary inTettigatkm of 
which, tliese {jages are devoted. 

To this no less interesting, than important and attractive, series of investi- 
gations, the attentkm of the atadsnt it now iaYiled, fully confident that all 
the difficulties that may at fini appear m hk ooiir0e» will dinppear bya Tetj 
little exertion of patience and alleiitk>n,and that,uistead of piOTingslnmbfing- 
blocks, they will furnish so many ftimnJi to exertion. He will ultimately 
leap a rich reward for his labor, by finding his knowledge of Nature*s works 
and laws improved, and to a certain extent, it is hoped, perfected; whilst tho 
professional student will, in his own peculiar department, find that kts 
knowledge of the action of the heait and ciioolating system will he unpioTed 
by an aoqaainianoe with the laws of fluid motion; that his knowledge ot 
the physiology of the respiratory functions will not be diminished by an 
Ber|naintance with the laws of atmospheric pressure ; that his ideas of the phy- 
siolfK'v of muscular action will be extended, by being able to explain it on 
mechanical principlt^ ; and that his knowledge of some of the vital functions 
will be increased and facilitated by the study of electric currents. 

These aie but a few of the attiactions which a etndy of physics holds oat 
I might also refer to the connection of the physical sciences with the oidinaiy 
duties of life, and allude to their infinite importance in affording the key to a 
vast series of natural phenomena, as well as to the sources of gratification 
experienced from an acquaintance with the laws governing the hurricane, 
the torrent, and the tempest; by which these otherwise terrific agents become 
divested of half Iheir tenorsi by our being able to xemove thoae widt which 
popular sopeistitlon and ignoianoe have sarrounded tiiem. 

These are some of the rewards which extend to those who jmy even a 
slij^lit attention to tho physical sciences. They are raised above their fellow 
men liy their increase of knowledge, knowledge of the most valuable kind, 
applicable, in a greater or less degree, to their different professions, and to all 
the resources of civilized life; whilsl:, firom gazing on his beauteous works, 
and admiring the hannony and simplicity of the laws He has impressed on 
nature, they are compelled to regard with no less gratitude than admimtioo 
their divine Antiior, atid beoomo snabled to appreoiata the iliU ihroe of the 



Digiiized by Google 



mMm wmA btm^iil nauirk of oae of tbo mtM ooUbmed phikMoplien* of 

ancient Grt»er<», who. more tlian twenly-two r^niurieta^, nfitwith^tamling Lii 
neref^sarily very Ufyitofi ff^^^inf^^ IpWS fl»VAiaii)K UtO UlliVttM^ 

^ThA WOfld U Ood*t epistle to mankind.'* 

We are alio taught how we may more " nearly behold the beatities of natnre, 
and entertain our-elves with th^ir tlf*!i;:htrul uontdmplattfio ; and, which is tlie 
Ix'st and luusL vaiuiihle piut ui pliiluMj^iiiy, Ijo tiience excitixl llie mure pro- 
fouudly to revexeocd and adore iha grcal .Maker axui Lord of alL He uioat 
lie blind wksftoai Uia moit wim aai besiiiiftti oootrivuioMof Aingi, < 
««e dio inMi* wiidaB umI piodntit of their Almighty Cratiorj and ka 
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SECTION I. 



« 



PHYSICS OF PONDERABLE MATTER. 



Elementary Laws and general Statics, Chapter I — ^IL General D^Tiamice^ 
Chapter III — IV. Simple Machines, Chapter V. Physics of Liquids at 
rest, or Hydrostatics, Chapter VI. Physics of Afirial Fluids at rest, or Pneu- 
mostatics, Chapter VIT. General Properties and Laws of Fluids in rnotiori, 
or Hydro and Pneumo-dynamics, Chapter VUL Sonorous Tibmtions oif 
Fondeiable Bodie*, m Aoouftioti Chaptei IX. 
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£L£M£NTS 



NATUfiAL PHIIOSOPHY- 



CEAPX£R L 

eSHSBXL SBI>ff£ftXi£S OF MATTER IS ATOMS M,XO (STATICS.} 



Egtension, and Figurtf 9^7. MU$eular Forcety 8, 9. Density, 10. jfecit- 
iory Properiu9 9f MatUr-^DivMUiigt FlmkUit^^ Tmmtitft BriUlmm, Ek^ 
lidtf^ 11-^X7. iiMrtiai 18, 18. 

1. Ali^ varieties aad lorms of matter are similarly composed, being made 
up of a& imnieafte aumbei of extremely and indeed ioconceivably minute, 
i adenm p t iMq pwr^j fln ti wWeb^ flfooi theiraol m^mitting oCfuithar meobmieal 
difiikNi, AM tetoMd tdmm,* Some piiloaophMW' hrnn^ bovreYer, ooooaived 
that no tm# mtem eiiftf, mod that all matter is capable of niidergoing division 
to infinity, a statement capable ofbein^ saiuSKUUilf piOVed, wbea limited tO 
Hiathemalicai Jines and points. Thus, 
let ABCD be lines drawn parallel to each 
other y draw the obliqae line FG, and from 
t on the indefinite right line cn tai(%aii]r 
number of equal parts, as tabtdf hi, 
Ffom B dmw lines eonneoling this poinl 
to abediy cutting the oblique line Fe ; 
then, as the number of points nbe, fkc.^ on 
the line cd may l>e ii:iflnite, it i()ll(iws 
that the line fo may be liUinitely divided 
by lines connecting such points to s. 
Another mode of Uliistifitiiig the snaie posi* Fig. 2. 



Fig.1. 




Me posi* 

tiod is tagr dmwlng two peinllel nght lines ao, 
en perpendionlar to bp, then from the points 

Gcc, as centres, describe, with the distances, ca 
as mdii, the circular ares a^, a«, &c. Now the 
greater the radius AC, ill 0 smaller must be thupart 
cut oil irom the line uo, and as the radius may 
be iocfeased to infini^, the pert en mej be 
^liauniihed In a siallMr nlio^ never beooniing 
reduced to noifaimb ns the ciMmlnr aic described 
with the longest radius can never entirely co- 
incide with the Tip:ht line bf. Consequently 
'lie part.s of any magnitude rii may be in thid 
^'^ner dinuoished to inhujty. 




^ A,ea4 icinde* 
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Fig. 3. 




Arguments of this kind ought, however, to be regnrt!r<l as applicable only 
to raathematical line* and points, whiclii the former being without breailih 
and the latter witboot tangth,* oan lafuM faoi M lUWltf eooceptions, 
and not phyHeri 0Kiii«iMW>i. 

2. The vltiinate particles or atoms (1) of OMllBr, posse« iIm dma mmm- 
tiai characters of impenetrnbilUy, erfetttion, an<l figure. Of the5e properties die 
first flows directly from ilie dfrinition of an atom, ns it is obvious that nothing 
can be so ini|)enetrable as that which is incapable of further division. WTien 
may aolid body is immersed in a fluid, some portion of the latter is displ^sed, 
and tfaiii) OB a aaperflaial iriew, might bo nip poiad to bo pepetrateJ hf <he 
iinmefied bod^i it will, how e w , be fooiid tbat no real penetratk» oocois 

a quantitf of flnkl Ixvomes displaced, equal in balk Is 
the solid immersed (160). On forcing a nail or a Irnife 
into a piece of wooti, the ultimate physical atoms of the 
latter arc not penetrated, the instrument being merely 
innnimd into the intersiioea esosting between the in- 
diTirible moleciilea. Again, air and all paw, akliOQgh 
opposing a scarcely pereaptibie iMiitaaoa to tba pasaacs 
of bodies through them, are foafljr as impenetrable as 
8olids. If a plass receiver a be inverted over a lighted 
taper fixed on a cork flf^tin? on the surface of water, it 
can be pushed to the bottom of the containing vessel, and 
the taper wiD thna oaoCinoe to bora wider water ao long 
as niflfelMt ooLygen it preaemt to a^ppoit ooB^builioB, at 
die inehided air Ihmi its impenetrability wQl prevent the 
•nliance of water into the reroiver. Upon tlii? character of impenetmbiliiy 
deponds the great physical axiom, tbat no two bodies can occupy the nme 
space at the same instant of time. 

3. The second character, or extension^ is also a necessary consequence of the 
definition of an atom already given, as that which p ow e wea a physioal niit- 
enee most n eflsw ari ly ooeapy a portioe of apace, and po a mi rtdes and surftoes 
in relation to other atoms. The extension^f bodiaa li O i p wa d hf the tliiae 
dimensions of length, breadth, and thirkness. 

4. Tlie third character, /fure or /umi, is also essential to the existence of an 
atom, as nothing can be conceived as phy.xioally existing, unless it possesses 
some determinate shape, atthowgh thia proi>erty is not wiflh iiiiil of itaelf to 
paove the material eii itaaeo of an object; fbr in ifaadowt tod •paetral ilh^ 
aiona, prodnoed by variooa optical meana, wo have esamploaof flgkia or Am 
withotit matter (577). 

5. Of the actual form or size of atoms, notliinir positive is known; it is, 
however, probable that they are spherical, but of their dimensions scarcely an 
approximation can be obtained by any means we are yet acquainted with. 
An omioe of gold can be dmwn into wire seveial mSlea In length (11), and 
yet no flaw, or eridenoe of separation between its atoma can be dlioOTorod by 
the closest mieroeoopie examination. Animalcules also exist, so mhrarta tiiat 
myriads can swim in a drop of water, and yet every individual pos«*f»sse« 
organs of digestion, circulation, and reproduction, each made up necessarily of 
an immense number of atoms. Chemistry aflbrds us evidence of the excessive 
minuteness of atoms, for when aevoml melalii aa nickel, cobalt, or iron, are 
reduced Aom their oxides at the lowest possible tempetafora by mcatia of a 
cnrre nt of hydrogen gas, the state of division of the reduced metal la aUnost 
inoonceivable. Each particle of metal slowly evolving its oxygen, ftmns a 
powder which may bo oonsideced as composed of ultimate atoms. Thoaa 
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aie in every case less d»a ^^^^^^ of an indi ia diaiii«ier, woibtAbfm 

simple calculation it may be proved tbat a cuIho inch of them would, if ex- 
tended on a level surface so that tliey njay touch* but not overlap each other, 
cover an area of 218,166 square feet, or more than five acres of ground. 

6. Another illustration of the extreme minuteness of atoms is inet with in 
the thin films of a soap-bubble. These present fine iridesopiit c olored bands, 
and at the upper part of each, it is demonstrable that the thickness of the film' 
jnst before it bmsts cannot eioeed j VVW > ^^^^^ ^^''^ 
thin layer is not oompoeed of a single stiatoro of atoms ^ as it must consist at 
least of one atom of soap and one of water; the fi>rmer oomposed of soda, 
stearic, or margaric, and oleic adds, in the simplest view that can he taken 
of Its composition, and the latter made np of at least a wH ffgnlit of omen 
and one of hydrogen. 

7. The minute atoms composing wfljm of matter may be, and often are, 
^emically oompuuiid, iiitiiougli physically simp It ; thus a piece of marble may 
be divided into its ultimate molecules, each conajsting oi carlxjuate of lime, 
and here physical analysU stops; hut by chemical analysis we can separate 
each of these atoms into carbonic aoid and lime, the Ibcmer being again che- 
mically divisible into carbon and oiiygen,and the latter into calcmm and oxy- 
gen. In physics, therefore, an atom is regarded as simple when it bo 
further divided without separating its chemical elements. 

8. Atoms are held together by means of a force denominated nllrachon, the 
nrmness of their union being modified by the presence of an opposing iurce, 
temiedfi^MiliaNi, and upon the preponderance of one of these forces over the 
other, depend all the physical properties of matter, known as Aonbiest, tofines^ 
flwdity, &c. The intensity of this moleonlar attraction varies conndeiably in 
different bodies, which thus acquire very varying degiees of tanaciQr (U). 

If the mutual attraction of atoms be so considerable as to prevent a sharp 
body, as a knife, being inserted between them, t}ie mass is said to be hard ; 
but if so feeble as to permit their ready beparauon, tlie resulting mass is m/l; 
and a^^Mid or gateous body results when the intensity of ilie mutual attraction 
hetween the atoms is so &r diminished, as to allow any substance to be moved 
hetween them without experiencing any consideiahle resistaoce. Thus the 
various slates in which matter exists, as sofiif, vtseoat, liquid; or gttsawi^ merely 
depend upon the varying intensity of the molecular forces of attraction and 
I'epulsion. We may regard a solid body as one in which the mutual attraction 
of the constituent atoms exceedg their rc])uision. A fluid is one in wliieh tlie 
attiactive and repulsive forces are equal; whilst in a gas or vapor, the repul- 
sive Ibroe ihr exceeds that of attraction. These several states are readily 
conveitible into eaeh other by various mechanical means, and by altemtions 
of tempentnre: thus, walisr at 32^ and meieuiy W lower, are solids, the one 
being transparent, the other opaque. At ocdinary temperatares both are 
liquid^?, whnst at 212° water, and at 670° mercury, become vapors or gases, 
botli being transparent, these several changes depending merely on the greater 
separanon of their atoms ciiected by tlie repulsive power of heat. The 
Origuial voiuine of the iluid becomes amazingly increased by this separation 
of the constituent molecules. , The following table shows at a glance their 
^noraious ineiease of voltmie by vaporization. 

1 cubic foot of water expands into 1689* cubic feet of vapor, 
alcohol . . . 4935 
ether .... 212*18 
turpentine . . 192-15 

. 9» The most elastic gases can, by tlie appiicaiion of sufficient pressure, be 
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eontpelled to araama a visible form ; becoming liquicls if the pressure be BOP 
Joient 10 bring tboir Mititueat «toiii0 tuffioiBntly nmx to eaob otbar. 



Gases. 


Pressure of atmosphere (181) 
f e^uired to coudeu^e ikeoi 
iMo Itfyiidb* 


Tomperaturd. 


Sulphurous acid * * 


8 


Fahr. 


CUorine • • * • 


4 




GMbonift Mid • • • 


ae 


»• 


Nitrous acid • • • 


50 


45« 



10. The density of matter in any of its three states is meastrred by thn 
quantity contained in any given bulk, and is expressed by its sperifif! gravity 
or specific weight, as compared with some body taken as a standard ; thus if 
a given bulk of water contains 1,000 aHxns of nkatter, a similar buik ol phh 
•limuii will contain about 23,000; of copper nearly 9,000, of iron 8,000, and 
«if glHt sbout 8,000; tkeae tsreral nunbeit batoif identteal ^widi ihe wpoeHOt 
or gmvi^ of die nwp&adye snbatouieee <i68). 

Masses of metter, moTieover, possess several propertiee which may be con- 
sidered as nece^sory, all depending; iipon'the different dejnwf? of intensity -with 
which the pliysical atoms are miitual!y tied together. Among (he mora im* 
])ortant of these maybe ranked Dwit^Uy^ FUxUM}/^ 'IknacU^^ BnUlenm^ 

tU Dkfiii&Uf, or JbBtmmkmff Mfma, This cfaaiMternuqr ttongideied 
M weH UhMMiBf Ibe esnenie, and atanoek ineonoeifvble tnionteness of phy- 
lioal atoms; dep^idlng upon the immense, althoogli finhe number of parts 
into which a mass may be divided. Thus, an imperceptibly small portion of 

Btrychnia will render a whole pint of water bitter, nnd r sinp;le "rrain of tlie 
ammoniacal hyposulphite of silver will rernU^r intensely svv<^et 32,000 grains 
ot" water. One grani of iodide of potassiinn dissolved in 480,000 of water, 
when mixed with a little starch, will tint every drop of the fluid blue ou the 
addMon of a mUMm oT Chlorine. In all diete oasesi we bave at onoe evi* 
denoa of die exttenie nfainienest of atoms limiMMd thedivisHiili^ordie 
WMt of strychnia, sitw, and iodine hy means ef eolndon. When animal 
ot vegetable substances are burnt, they are neither consumed nor destroyed; 
their atoms are merely divided or separated from eaeh other to form new 
combinations. Excellent illustrations of the ^amo j^roperty are met with in 
many processes of artj a single pound of wool witl furnisb a piece of yarn 
100 miles in length. Gold under the hammer is reduced to such a state of 
lemiiqr, that 300,000 of the leares produced wentd, if piled on eadi other, 
eol|y equal the diSe h iem of an ineh. E^n this is ihr eseeeded in die ait of 
dM wire drawer, who^ in die most economical mode of preparing gilded ellver 
wire, extends two ounces of gold over a length of 1,351,900 feet, or rather 
more tlian 768 miles. The exquisitely delieate wires of platinum made by 
the ingenious process of Dr. Woliaston, atlord a remarkable instance of the 
extension of matter, no less than of the almost inconceivable minuteness of 
die tomponent atoms. The finest of these wires is but one-three milUontb of 
an inch In diameter, and 140 of them filaoed together wonid Jnsl eqtml ia 
dlickness a single fibre of silh* 

13* fiaabiHty, When any substance is capable of being l^ent in an^ giyea 
manner within moderate limits, by the application of sufficient force, it is 
said to be flexible. For a Ixxly to possess this property it is necessary that tlie 
attraction existing between one portion of its atoms should beenpnblo ol ix?jng 
paiiialiy overcome, and liiat between aiK>iher portion pxoportionably increased. 
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Thus, let AB, CD, represent two rows of atoms "Mfintgd at their narrwnl dk- 

tance from each oiiier j on applying force snflfi- 

dent to llez tbe whole inio the curved ibrm Fig 4 

SB, the arc Bv wm be laiger than tiie Rie .rYVV-wOOO^ 
and oonsequentljr its atoma wUl extend over a -«*sA^A^AJUUUUl^ 
larger, and those of the lesser aio over a smaller C OOTWY'W^ 
space than they did wh^n in the rectilineal ^^^'^->^w/<.A,/^AJZ? 
fi^re. That such a cbango u\ the rclntire dis- 
tance of the atoms really occurs, is rfcndered evi- \^ 
dent by merely inspeciing the figure of a thick /-n O O 

wooden plank which hat been aUowed to be- ^vi^rW^S-^ 
oome curved bgr its own weight Let ab, gd 
represent the aeotion of such a plaak aoiipcKted' 
at its extremities cd, it wilt be seen at onee 
that the surface ab and cb represent two con* 
centric curves, oi which ab is the smallest; con- 
sequently the atoms nearest the surface ab must be more oloseiy apjpioximated 
dian those nearest cd. Tiie atoms lying 
in a line intermediate between ab and Fig. ii. 

CB, undergo no ebange ; the line sv, there- 
fore, in which these lie, constitutes what 
13 called the neutral axis of the body, and 
iliis portion might be excavated and re- 
moved without materially diminishing 
the strength of the plank. 
^ 13. On this principle, hollow cylinders of different materials are employed 
instead of solid ones, when need as mechanioal supports. Indeed, li ail 
opposmg causes in the diape of flaws, bad workmanship, &c., are absent, sneh 
hollow cylinders not only have the advantage of lightness and eoonoitajrof 
material, but are found in practice to be actually stronger than soUd ones of 
equal weio^ht. Tredgold found that when the inner semi-diameter of the 
hollow cylinder is to the outer as 7 to 10, it will possess double the strength 
of a aoUd cylinder of the same weight 

14. Ihtwatjf, This character is dependent upon the intensity of attractive 
mce existing between atoms, being soffideat to oppose their leady separation 
to such an extent, as tp cause the mptnie, or fiaeture of the whole mass. 
Consequently^all flexible, ductile, and malleable bodies are teoaeious; althoii|^ 
mmy substances possess tfic latter property without the former. The tenadty 
of matter is well shown in the remarkable malleability of copper; for front 
aflat plate of this mt ta! the skiliul workman forms a hollow vessel without 
•oy joint or seam by the use of his hammer alone, and by well-directed and 
Jfpealed blows, the vessel- he has Ibrmed, however much differing in figure 
flora the original plate, is everywhere of the same -thickness. Tenacity varies 
extremely in different substances : metals aflbrd the best eauunplesof it; thus, 
a piece of steel wire of given diameter is capable of supporting without frac- 
ture 39,000 feet, or seven miles and a half of it? own Ipnj^rh. Wires of dif- 
ferent metals of the same diainettT, require difTcront wei^dits to overcome the 
inutual aiiraction of their component atoms, as shown in the following table, 
^ figures representing the number of pounds weight required lo break 
^ires of the metals enumerated, one-tenth of an inoh in diameter. 



5» 
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oxiHHUL nwEKtm 0r matter* 



Pounds required 
• to imidaM 

fracture. 

20-1 
27-7 
34-7 
109J8 
lflM7 
ISMS 
274-31 



Hetali. 

Bismutli 
Lead 
Tin 
Zinc 
Gold 
Silver 
Platina 
Copper 
Iroa 

Gables oonstmcteddf fine inm wiiM of ftom to 
stated to possess the enormous tena6itjr of SO tons in eaeh square inch, ft 

is this wondorfnl tpnacity wliich renders wires of this metal so applicable to 
the cJonstruftKin of light suspension bridges. The followinsi: tnble sbOWS ttie 
tenacity possessed by different bodies calculated in tons weight* 

Tenncity in tons, 
per f>(juare inch. 

60 — 91 
36 — 43 

30 

6 ^ g( 

44 

31 »44 

8J 
27i 
18 

. 17 
9 > 
14 
17 



Wrought iron, in wire y'^ — inch in dianteter 
in wire inch, diameter 
in bars (£nglish) 
in bars baaunered 
in chains of six incb linlcs 



Cast iron 
£teai, oast 

Damascus 
Copper, cast 
wire 



wire 
Gold, cast 

wire 



15. Tredgold has shown diat many solids will bear an enormmis afnonnt 

of pressure before they yield sufficiently to allow any pennanent alteration in 

their shape. The figures in the following table represent the weight in pounds 
required to effect a change in the figure of a one^nch cube of the solids sab- 
lultted to experiment. 



- Malleable isoB 
Oast iron , 
Brass • 

Zinc 
Tin 

Lead • 

Red Fir . 

Oak 

Whita fiff • 

Ash 
£im 



17,800 
ld,300 
6,700 
6,700 
2,880 
1,500 
4,290 
3,960 
3,630 
3,540 
3,240 



Goimt Rnmlhrd limnd that a qylindneal loU of i>aper, widi the iblds ^aed 

• Prof. Moiele) 8 Illusiruuong of MtcUaiucs, p. 396. 



Digitized by Google 



-togethor. and presenting a sectioiial area of one a<j[uar6 inch, would support a 
weight of 30,(X)0 pounds! 

16. BfHUmm^ Thii l8«bYkul7AemMne of the hw piopeity of matter 
tt pofaits out tin* condittoof « Mbsianoe, to whitii the aitreotiOB between lit 

tnoleoules is capable cf hfiiiig oTeroome bjr a oompatatmtf alight ibim Very 

liard bodies are often extremely brittle; thu5?, n piece of ^InsB will scratch the 
surface of polished steel, and yet is the most brutle of substance?, unless spun 
into exceethn<^;ly line threads. This prupeity is frequently nc€|uired during 
tiie hatdming of Ixxlies, when tiieir atoms are brought nearer each other's re- 
imlaiTe hiineiice ; thus fdftetoelietfliiaeious, yet ehsidkettb'ed^ 
<» glau; mMiqii Is eiMiiely hrHtle, end faw-kon is die toagheat sobiteaioa 
in nature. 

17. ElasticUf. A body is said to- be elastic when, nAer being bent in nryy 
direction, it spontaneously recovers its former shape on tlie force ^vhich had 
altered its iigure being removed; all elastic bodies must be so cx)nstituteda8to 
allow a certain numbM of their atoms to be brought, at least momentarily, 
newer each other timi tfaey previoatljr were. If the body be a metalKe rod, 
then, on behig bent (tee last figure (12), in the enrvad fyrm se, av, it will 
have a tendency to assume its primidve rectilinear form on the removal of 
the f-oereinpf force, in consequence of the exertion of two forces, ttz , attraction, 
between tlic part iaUy-separa led atoms on the outside, and repulsion between 
the closcly appruximated atoms on tlte inside of the curve. The rod will 
obey theae ftanes, end alter a Ibw oscillatory or vibratoiy movements (77), 
will, if perlbctijr ehMlio, teoever its primitive ibrm. lo this eaae^ the change 
of Jbrm which brought into action the ebwticity of the body is very obvious, 
from the curve produced by its flexure; sometimes this change of figure, even 
in the most perfectly elastic bodies, is not evident to the eye, on account of 
their iigure ; still such change does deinoustrably take place. Thna a ball of 
ivory is elastic, and this property causes it to rebound from the lloor when 
fiMPcibiy thrown upon it, its figure, on its impact, becoming altered and eom* 
pleased, nor does it again become q^herioal until alter it has lor some instants 
been an ellipsoid, of which the greater diameter is successively horizontal and 
vertical, as shown by the dotted curves in the marginal figure. The Ibrce with 
which perfectly elastic bodies, when extended or 

c<xn pressed, tend to recover their form, is proportional Fig. 6. 

to the araoimt of extension or compression to which 



tbey have been subjected ; thus, ibr two, three, or tbm 
times the amotuit of compression to whioh the body 
has been subjected, an equivalent quantity of force 
will be exerted in attempting to recover its original 
figure. Different elastic bodies vary extremely in the 
extent to which tliey will yield without rupture; thus 
caonttshotto will yield ooosiderably, and will after- 
wards very nearly regain its ibrmer shape, unless it 




has b^n stretched for some time. Glass threads, steel 

springs, unannealed copper and brass, are all clnstic. Among the most elastic 
bodies are gases; these, on acconnt indeed of their physical constitntion (8), 
"Will permit, on the apphcation of sufficient force, their atoms to l>e very closely 
approximated, again separating with rapidity, and even violence, on the re« 
moval of pressure; the air«gnn and condensed air-ibuntain are ezamples of 
this property in atmospheric air (191). 

18. All forms of matter, whether in the atom or in the mass, are alike inert, 
and incapable, by the exertion of any spontaneous force, of changing their 
State or position : wherever a body is placed by any external cause, there it 
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niiist remain Ibr ever, imleM aotod upon !igr looia Impeiior ftioeb Tliif pMK 
pertf of numer is tanned ite Mtmrtia, or resistanoe ton change of pontion. 

3^ mUmUjf ^ Iftf Jvrce ofmarim mam t n vnth the quantity of tnaUer. The 
leaiitance experienced on first setting any body in motion, and the difficulty 

experienced in ptoppinp: it when movinp:, arise equally from thi«' cause; for 
being absolutely inert, it ioiiows that matter must retain its state of moQOO, a» 
well as of rest for ever, unless acted on by opposing forces. 

19. The following are examples of the force of inertia: in turning a wiuch 
a deoided mutamet is at first ezpeiieBced to our attempts } this beoomei gifr 
dually OTetoome, and then the whert eonlimies to move rapidly fay the ooa* 
tinued applioation of a force, just sufficient to OTeroome the resistance offivced 
by the medium in which it moves, and the friction at the points of suspeop 
iion. In a team of horses attempting to move a heavily laden M'^agon, an 
immense exertion of muscular force is required to overcome its tri«^ja,but this 
once eifected, the horses continue to draw that weight with facility, which 
at first they were scarcely able, by the utmost exertion of their physical force^ 
to more. A tmyeler sitting in a coach, on the horses startuig, is thiowa 
haokwaids; his inertia opposing a lesislanoe to his body aoqoiring at ones 
the movement of the vehicle, and therefore tends to leave him behind ; and 
on the coach stopping, he i^ thrown violrntly onwards, from the inertia of bis 
body tending to retain the motion {)roviuusly acquired. A bullet thrown at 8 
pane of p^la^^s breaks it into tli< aisaiiiis of pieces; but fired from a rifle at it, it 
merely pierces a circular hole, irom the inertia of the glass rendering it im« 
possible fiir every portion of the latter to acquire suddenly the rapid motion 
of the httllet, and consequently that portion only opposed to the point of im* 
pact is carried onwards, and participates in the rapid motion of the ball. A 
stick, whose ends rest on two wine-glasses, may thus be broken- by a smart 
blov with a poker in its centre without injuring its brittle supports, • 

Fig. 7. 
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CHAPTER IL 

VATUBS OV Tax ATTRICTITE ?OHCM XXSRTZB BSTWSXV XASSSI OV XATTBB, 

■ (dXBXBAL STATICS ASD DTSAMICl.) 

GbiHniIXai0of«A(li«cljMs2O,21. CMoMt>23, .tMhtinii^«3,C4, CofTtflonry, • 
85—33. Adbmiow^ 34, 35. J^^Hv^df CTowi^ 36--^ligMA^ 37. Oravi- 
tolmi, 38— 45. Cmtn of QrwUff^ 4d^So. JB^'Mmr, 51— 5% 

20. Attractive Ibrces, capable of acting not onl}'' between atoms, but also 
between masiies, exist; and form a very imporuiiu subject of consideration. 
Molecular attraction of ag^egation, which, ^es atom to atom, has been alr^uiy 
Blinded to. We have next to enniine <hoso fcxrcdt whidi act betweeo mawet 
of matter; liiese imj be divided into two aeetioDS, the iirst oomprehendiiig 
attractions at insensible distanoesi includtDg €oknifm and capillarUy ; tbe seoond» 
attractions at sensible, and oAen at immense distance?, inclmlinsr gravitation. 

21. All attractive forces, whether exerted between atoms or masses, dimin- 
ish in intensity as w« i^cede from the centres ot the attractmg molecules or 
masses, and obey one general law of the attractive fint being imoenely cu the 
fmtts eftki Ma u m btiimi^tktgtinding Mm, Attraoiioiiis«hrafB»nlaai, 
•lad eoBsited by one boii^oa anmher, Mlirupan&iii^itt the ntioeCtfaefa' masses. 
As an example of tbe general law of attraction, let lis suppose that two bodies, 
A and B, mutually attract each other when at n certain distance with a force equal 
to 1, at doiihle that distance this force wiil be ^ insteatl of of that when at 
a diiitance of i, because the square of 2 is 4; at four times the distance, the 
fovce will be diminished to y^, and so on. In the Iblkiwing tiUtle the «lip€nr 
fine eontems a series of figoies l e p tes enting'the mntnal dlsttnsei ct the at- 
tracting bodies, and the lower Knea eeiiestif ftMions tepieseating the iiileil»' 
iiy of attiactive Ibree «l those distaoioes. 



Distance 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 


13 


&c. 


Intensity of 


1 


i 


3 


1 


! 

rs 


A 


T 

S9 




r 


1 


1 

in 


ill 


lb 


&c. 



M ra e tion at intaaibk dittanm. 



A. CORES I oar and ADSsszoir. 

22. Whenever two smooth surfaces are pressed together, a considerable re- 
sistance in experienced in attempting to separate them: this is owing to at- 
tractive force called cokenon^ so termed irom its causing bodies to cohere, or 
Stick together. To observe die efieets of this ibrce advantageously, the sur> 
ftoes of the bodies pressed together should be absolutely smooth; but as diis 
is impossible, they should be polished and then smeared with a little oil to fill 
up any superficial inequalities: two plate? of bmss or glass thus prepared, and 
firmly pressed together with a screw hke motion, will cjuhere with such force, 
as to require a considerable weight lo separate them. Two freshly-cut sur- 
faces of caoutchouc will, on being pressed together, cohere so tightly thai it m 
Boaxoely possible to separate them ; and availing himself of this Ihct, the che- 
mist prepaiea tubes of this valuable sabstaac^ applicabla to num^rmg im* 
portant purposes in his maaipuJalioae. 



Digitized by Google 



68 



MATUBB OF ATTSACTIVS VOBCSS* 



23. Cohesion takes place not only between the surfaces of solids when suA 
dciently approximated, but between solids and liquids: this variety of attract- 
ive force has been termed adhuion. 

Fig. 8. 




If from one arm of a balance, a plate of copper, c, l>e suspended, and care- 
fully counterpoised by weights in tlie scale suspended from the opposite end 
of the beam, a very slight additional weight will cause either the plate or 
•oale to prepondmte ; place a beiiii fiiU of water, b, under tiie plate c, m 
tiHli a maimer tlwt llie latter tiiay joittoiiQbt^ 

placing weights in a, a very consideiable reaiitance is experienced to the sepa- 
ration of c from the fluid surface, owing to this cohesive attraction. With 
a circular plate of smooth coi)per, presenting an area of 6*75 inches, the 
weights required to overcome the attraction of the metallic Buriace ibr the 
water exceeded lOUO grains. 

94. The intensity of this force, al&ough conatant, mUrk jMnftat, Ibr the 
•ame aolkla and liquids, varies oonsiderably in difibrent kinds of aolida or 
liquids; the following table represents the comparative intenaity of tbend^ 
hesive attraction exercised between different metaliio tuifiwet and mexodij, 
aocoiding to the researches of Guyton and Quetelet. 



1 



Metal Disks 
inch in diameter. 


Foiee of edheskm in 
grains.* 


Disk of Metal. 


Comparative llwee of 
adlMsiea*t 


Gold 


446 


Gold 


23-63 


Silver 


429 


Silver 


22-74 


Tin 


418 


Tin 


39-15 


Lead 


317 


Lead 


3104 


Bismuth 


372 


Bismuth 


19-71 


Zinc 


204 


Platina 


1498 


Copper 


140 


Zinc 


10-81 


Antimony 


126 


Copper 


7-52 


Iron 


115 


Iron 


6-10 


Cobalt 


8 







Gay-Lussac suspended a circular disk of glass, 4-C inches in diameter, over 
surfaces of M'ater, alcohol, and oil of turpentine. He found the force required 
to separate the di:ik from the fluids vary considerably, as shown in the Ibl- 
lowing table : 



• Onyton-Morveau, in Knstnor's Experimentnlphysik. Heidelbeigi 18101 
t Queiekt, Poaitious de Physique, p. lOi. liriuceUM» ISU, 
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Water . 

Alcohol 



Oilof T^ipentme 



Qpeeifie GnTitjr. 



1-000 
0-8196 
0-8595 
0-9415 



in graiat. 
. 414-7 
. 477-4 
, 505- 1 
. 569-8 
« 583« 



The force which oau8es die di«kt in these ezperimenti lo adhere to the fluid, 

is identical with that which causes fluids to ascend in capillary tubes (26). 
The disk attracts an infinitely thin layer of the fluid on which it rests, and it 
is the molecular attraction of the mass of fluid for this thin layer adhering to 
the plate, which causes the resistance opposed to raising it from the suiface 
of the liquid submitted to experiment. 



Fig. 9. 



Fig. 10. 



B. cAnEftimrrT. 

95. If a plate or rod of any substance be plunged into a fluid capable of 
moistening it, as a plate of glass in 
witer; the Burftoe of the fluid, 4b, in- 
iiMd of nwnalning peiftetly hoiisoaiAl^ 

'Will rise to a hi^idr level at the sides 
of the plate, as shown by the dotted 
lines, as if the water were attracted by ^ 
the glass. If the glass plate be slight- 
ly greased prior to immersion, or be 
plunged into a fluid incapable of moist- 
ning it, as marcury, then a depiewkm, 
iiutead of etevatien, will take place on 
either aide of the plate. If a plate of 
SIrm b, be plunged into mercury, cd, 
this apparent repulsion will take place, 
and appears to be owing less to any 
peculiar property of the fluid metal, C 
tiiea to the presence of a minute film 
or moiatoie adhering to the immened 
solid, and pveventiog the actnal con- 
tact of the mereujr with the ghiHk 

26. These phenomena are best witnessed by immersing glass tubes of small 
diameter in u^ater tinted with archill or ink ; the fluid will rapidly rise, attain* 
iug the greatest elevation in the narrowest or most 
capillary tubes. Thus it will rise much higher in a 
than in a, in b than in c, &c. j this mode of attraction, 
eTidendjr a modification of the last described pheno- 
mena, is termed eapUkarUy ftom itt being most ob- 
▼10113 in tubea of capillary or hair-like bores. 

The height attained by fluids in these tubes is con- 
stant, and increases inversely as the diameters of the 
lubes; it bears no evident ratio to the density or spe^ 
Cific gravity of the fluid employed in the experiment; 
£)r MnschenbrtSck* ibund that in tubes of equal diameter fluids rose to the 
9MnpaiatiTe heights shown in the following table : 

* Diss, physic, experiment, h* B., 1739. 
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NaaiM of Fluid. 
Salpborio add • • 
Sulpburio ether, ccMHainiiig afoohol 

Anhydrous alcohol • • 
Hydrochlorio acid • • • 
Nitric acid • • , 

Oil of turpenUne • • • 
Distilled water • 
Solatkm of amnKmiA 
Solmloo of earbenate of ammonia 



• 



Slevation. 

1- 30 
1^0 
V90 

2- 07 

2- 58 

3- 40 

3- 60 

4- 56 



11 Gay-Lussac has ascertained that water, alcohol, and oil of tiirpeatuMlj 
aiceod in tubes of the diameter of -05 inch to the following eievatiooa; 



Fluid. 
Water 
Alcohol 

♦ 

Oil of turpentine 



Specific Gravity. 
1-000 
0-8196 
0-8595 
0-9415 
08695 




Fig: 12. 




27. Capillary attraction comes into play equally between two plane sur- 
laces iiuaiersed in fluids, as in the case of tubes. If two plates of glass, a b, 

touching at c, and separated at b, at a very 
samU angle, be plunged into a trough, d, filled 
with colored water, the fluid will, after a dieit 
time, rise between the plates, attaininir ^ 
greatest elevation where the glasses areclosest 
approximated; and describing the curved 
surface well known as the hyperbola. The 
utmost elevation attained by this fluid in 
the arrangement is one half of that which 
, . . would have taken place in tubes having their 

diameters equal to the distance lietween the plates: and being always in- 
versely as this distance. 

28. When a glass tube 'is immersed in a fluid, the attractive fhnse of Hs 
internal sides determines the curve assumed by the surface of the water, but 
does not cause its elevation: this is owing to the action of the fluid itself; for 

|ctc be a capillary tube immersed in water, the 
■ttiaction of this hollow cylinder causes the water 
to assame the ooncare snrftne a ; let st be an 
ioflnitelf tfahi oolnnui of water, perpendicnhr to 
the centre of this curve, and correspondSog to the 
axis of the tube, and ▲ b be a similar eolunm of 
water connected by an imaginary transverse por- 
tion bt; now, if no attraction were exerted at s, 
the two branches ab st of this fluid rectangle 
would Oountetba lance each other, and no eleva* 
Ikm entne; hat the flnid rarfhoe at • being attract- 
od bf the interior of the tobe, the perpendienlar 
pressnie of the fluid colutmi er, at t, becomes 
less than that of ab at b ; accordingly, ab pre* 
ponderates, and presses through bt, the base of the column st, and forces 
it to ast^end in the tube to a certain elevation, as at f, and finally it remains 
suspended there, bounded by the same coiicuve surface flrst produced by the 
altiaction of the parietes of the tube. 
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29. If a drop of water be placed in the wide end of a conical glass tube 
as at B, it will rapi(^!_v move trux'ards the sr7iaUerend The dsop (Ml being 
place<l in, beconu s bounded by two concave 
Burfacea, of wiiicii iliat nearest the apex of the 
tnbe is the most curved; the drop, therelbie, 
moves towards the apex in conaequence of the ' 
attractbn of the sides of the cone for the water ; ' 
being, according to LaplBce, inversely as the ra- 
dius of the curve terminaiing the fluid column. 

Let ABD be a compound tube, consisting o! a fine tube, having a capillary 
bore, inserted inta a wider one. Let the letter be Immereed 
in water; the fluid will rise to a eertain elevatkm as &. Then 
let the whole tube be filled with water, and again immerse 
the fluid will fall to a certain point in tlic finer tube, as to x, 
and there remain suspended as perfectly as if the whole tube 
had been of the same diameter as the part ab. On refilling the 
tube, and immersing the end instead of n, in the water, the 
fluid will rapidly fall, and finally attain an elevatkm equal only 
to diat produced if the whole tube bad been of the same diiU 
meter as the wide portion, bd. This experiment proves most 
satisfactorily the accuracy of the law announced by Laplace, that 
it is the curve surface of the fluid, and not the attraction of the 
whole interior surface of the tube, which determines the eleva- 
tion of die fluid. 

It is a very remarkable faet^ that capillary attraction is cajiatde of oppoMOg 
the evapomtioa of fluids under its influence. Fine tubes of glass, containing 

as mneh water as they couU! under tlie inflnenee of this force retain, have ac- 
tually been su?pcnded for monrlis together in the summer's sun, without iosiilg 
by evaporation any appreciable portion of their contents. 

30. By means of capillary attraction, oil is raised in the wicks of lamps, 
water in bibulous paper, cotton threads, or any porous substeuioe immersed 
therein ; in fact, every phenomenon in which fluids insinuate themselves be* 
tween [mnicles of solids at small distances are referable to this force. 

31. If, instead of using water in the experiments just detailed, a fluid in- 
capable of moistening the surfaces of the solids immersed, be employed, the 
Converse of the phenomena is observed, repuhaiou taking place instead of at- 
traction. Thai tubes, or glass plates immersed in mercury in their ordinary 
siate^ caase a depression instead of elevation (22) ; or, if water be used, and 
the tubes are greased or rubbed over with resin, or still better, lycopodium, 
the same thing occurs. In tul)e° thus circumstanced, the depressed surface of 
the fluid always presents a convex instead of concave surfice. This repiilsion 
at small distances is well observed by rubbuig the liand over with lycopodium, 
and immersing it in water j on withdrawing it, it w ill be found to be perfectly 
dry, not a drop of water adhering to it 

The following table shows the intensity of this capillary repulsion observed 
wben glass tubes are immersed in mercury, aAer care has been taken by boil- 
ing the hqiiid inctal in the tube«< to expel all the air adhering to the surface 
of the latter. The amount of the depression of the mercuiy is always in the 
inverse ratio of the diameter of the tube. 
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NATUBE OF ATTA4GT1VS VOlCSfl* 



])ian«ter Af tlM talM. 

0.60 11 

0.50 
0.45 
0.40 
0.35 
0.30 
0.3d 
0.90 
015 
0.10 



JtaplMsion of the ni«rc«ry« 

. O.OOSiiieh« 

. 0.003 

- , 0.005 

. 0.(X)7 

. 0.010 

« aoM 

• 0.020 

. 0.029 
. 0.044 

. 0.070 



39L Th« adhfiflive attraotkm (23) Is not aalj exerted between liquids mad 
■otidsibat is equally active between tbe latter and invisible gases. Thin films 
of air adhere hf virtue of their attractive force to the surfaces of most solids, 
and become very obvions in glass tubos when mercury is poured into them: 
the fluid metal, instead of closely and equally adhermg to the inner surface 
of the tube-, Will be separated from it in seveml places by interposed bubbles 
of air, which adhere with the utmost obstinacy to the glass. This curious 
form of attraetioa is well shown in porons bodies^ as cork, pmnice^tone, char* 
ooal> &o» When a fragment of either of these is immersed in water, and placed 
imder the receiTer of an air-pump, tfie escape of torrents of bubbles of air on 
exhausting the recriver (192) is very remarkable. Tlie tnnn absorption is 
generally RppHcd t(> this power of |)ornu«« bodies in attmctuig gases, and is 
remarkably intense in the case uf freshly-burnt charcoal. Thus one cubic inch 
of this substance will readily absorb— 

90 cubic inches of ammonia. 



86 

35 
9.3 
7.5 
1.7 



a 
« 
tt 
tt 
tt 



hydrfX'hloric acid. 

sulphuretted iiydrogen. 

carbonic acid. 

oxygen* 

nitrogen* 

hydrogen* 



Fig. 16. 



All bodies in the state of powder possess this property of absorbing air, which 
becomes obTioas when they ate immersed in water. Tolembly coarse iioo- 
fllings wiU thus actually float in water, if carefully sifted on its surface, beaig 
buoyed op by the adhering air, which appears like little globules of polisfaed 

silver in the water. 

33. A class of phenomena referable to cnpilJarify is the apparent attrsLction 
and repulsion of small l)odies floating on water, when placed at small dis- 
tances from each other. If one of the bodies only be composed of a substance 

capable of being moistened by water, mutual 
repulsion will occur. But if both are incapable 
of being moistened, as two balls of wax, mu- 
tual attraction ensues. If the balls ab be of 
wax, or cork, nibbed over with lycopodium or 
resin, the water is repelled, and two depres- 
sions in which the balls lie are prtKiueed. If 
they are then placed sufficiently near eacli 
Other, the repulsion of the opposed surfines cf 
the balls exerted on the water at will render 
its surfiice concave, and the balls, by the lateral 
pressure of the water beyond, will be pushed 
together, and appear to attxact each other. In the second case, if the ball a 
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be of clean moistened cork and e of wax, tlie reverse takes place, the water 
being raised by attractive force on all sides of the first, and repelled by k. 
*Theieibie, on the balls being placed in contact, they appear to repel eacli 
other in oonsequence of n attracting the fluids wlUeh is repelled by i, the btt* 
ter being incapable of being moistened by the water. 

34. Closely allied to f-apillarity arc tlic phenomena of endosmose, and ezos* 
niose, discovered by Dutrochet Wlienever two liquids capable of being mixed 
with each other of ditTerent densities, are separated by a membranous or porous 
paititioD,two currents become established, one of a current of fluid proceeding 
fiom widun to without, (exosmose, m and «0-/(*oc, impulse,) 
and another in the oonteaiy diiectioft, Cendosmose, tx)iv and ^US^ 
»7fj,o^) If a glass tube closed at one end with a piece of blad- 
der A, be partly filled witli a solution of sii^ar, salt, &c., and 
immersed in a vessel filled with pure water to the same level j 
lUe liuid will rapidly rise in the tube H, the water having en« 
twed through the bladder by endosmose, and adding to the 
oontenis of the tube cause the fluid to be eleyated much above 
its fomier lereL now, the conditions be reversed, syrup 
being placed in €, and water in a, exosmose will ooeur, 
which the tube b will become nearly emptied. As a general 
'ule, liable, however, to several exceptions, it appears that fluids 
of less specific gravity have a tendency to pass through mem- 
branes and porous bodies, to mix with those of greater density, 
(provided they be misdble,) and consequently dilute them.* 

35. These phenomena admit of a very simple explanation ibtinded on the 
espilbry attmetion or repnlsion exerted by the porous dfapbragm upon the 
fluids exposed to its influence. In the case of a piece of bladder^ this is rea- 
tJily moistened by water, but not by alcohol Let the tiibe b be partly filled 
with alcohol, and then immersed in water, Kndosrnosis occurs and the fluid 
nses m the tube. The first action in this ca^e is the attraction of the mem* 
^"*ne to the water, wiiiist it repels the alcohol. A portion of water perme- 
ates the Uadder, is immediately mixed with the alcohol, and is no longer a^ 
tiacted bj ifae bladder. A firesh portion then enters^ and this oontinnes until 
the alcohol is ooostdeiably dilute<l. 

The endosmosis or influx of fluid is always attended by an exosmosis or 
©xndation of a certain portion of the liquid confined by the porous diapbra^. 
This may be illustrated by placing in the tube a solution of sulphate of iron, 
and immersing it in water. In a short time the solution will rise in the tube 
fi'mi the entrance of water ; and if then a few drops of tincture of galls be 
added to the water in the external Tcssel, the purple color which is produced 
^iU satisfactorily piove that a portion of the solution of iion has reallj exuded 
through the membrane* ' 

36. Analogous phenomena are also exhibited by gases or aSriform fluids. 
Thus, if a glass phial full ol air has a piece of tliin bladder tied firmly over 
ite mouth, and be then placed in a jar of carljoriic acid, the latter will perme- 
■•a the membrane and enter the phiaL The contents of the latter are con* • 
*^aently increased, the surftee of the btadder becomes oonvex, and if saP 
fieiendy thin« wilt eTentoally burst It has been demonstmted by Profbssor 
Graham, who has most elaborately examined these phenomena, that gaaea 
diflfer in their tendency to diffuse themselves through membranes or poroug 
<Jiaphragins. This tendency diminishes with the increase of densiQr Of the gas, 
being inversely propDiiional to this sqiiare root of the density. 

Thus, if the diilusive power of alinospiieric air be assumed as unity, 

• NouT. Beeherch. sur l^Endosiaose, Ibe., par H. Satroehet Paris, law. 




Digitized by Google 



i 



m MATOU or 4TTftAlCTnrX 

the compaiatiye difiaiiTeiieat <tf hydrogen, OKjfsei^ and nitvogea wiH «f 



Air • • IMO « 1^ 

Oxygen • . 1105 , , 0.M6 

Nitrogen . . 0.972 , . 1.014 

HydioeMi. « 0^9 . . 3.807 

If a long tube be closed with a plug of 6xy plaster of paii% inverted in a 

cup of water, and filled with hydrogen gas, it will so rapidly permeate the 
plaster to diffuse itself In the nir, as to produce a temporary vacuum in the 
tube. Water will consequently rise in the latteii and attain an elevfttioci 
UX or seven inches in as many minutes. 

37. The tendency of gases thus to diffuse themselves among each other, is 
a property participated in by ISqiudfl. This is, however, not without excep- 
tion, as some, like cai and water, ane not misciUe with each other; 

Fig. 18. and others, as ether and water, are miscible but in small prc^por- 

Qtions. In most cases of miscible fluids, an actual penetration of 
the mass of ono fluid by the atoms of the other seems to occur; 
and the mixture euabcquently occu])ies less bulk than the lluitis 

did when separate. Thus, if two glass bulbs ▲ a, filled, oue 
with water and the other with aloohol or sulphurio aeid, be con* 
neeted by means of an air-tight tube c passing from one lo the 
other, the flnids will mix, and when the mutual diffusion or mix- 
ture Is complete, will no longer till both bulbs. On aUowing the 
apparatus to rest for a few minutes in a vertical position, a space 
unfilled by fluid will be observed in the bulb a, in consequence 
of the mixture having been accompanied by a diminution in 
volume If 180 parts of alcohol be added to 100 of water, ilie 
mixture will measure bat 196 parts; the same hoiks of sulphuric acid and 
water wHI, after mixtnie^ measure but 185 parts. 




OBATlTATIOjr. 

38. When any substance, as a stone, &c., is permitted to fiill ftom die band, 
every one knows that it rapidly reaches the floor; and does not rise towardj 
^e ceiling, nor move laterally towards the walls of tl^e room. A stone being 

mere inanimate niaiter, and consequently ab- 
solutely inert (18), this phenomenon cannot 
depend upon any vmatt tendency to reach 
the lower part of the room, as one of the 
essential properties of matter is its uttet 
incapacity to change its position. Conse- 
quently, the simple phenomenon of the fall- 
ing of any body towards the earth must nrisp 
from the exertion of an attractive intiuence 
or foroe emanating from the latter, and to 
this the name of Qrmntaiwn Is applied In 
consequence of its causing that eftct which 
we recognize by the term umgjk^: Ae weiglit 
of any snl)stanc€j being merely a measure of 
the attraction of the earth for it. This form 
of attraction is exerted not only at oompaia- 
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tiTiely small, but at vast cHftatioett : Ana' this fane acts as effectually on Uie planet 
Hersehet at the dietanoe of 1,800^000,000 milaaas od dia falling apple in wfatob 
Newton is said flnt to have reeogniaed its eiisteaoe* If a 'mass of lead bo 

suspended to a string, it will, as every one knows, when left fVee to more, 

point towards the earth: now the «fime thing occurs in Tn^h'a, in America, nnd 
at our antipodes: a fact provjug at once that the lead does not obey a naturcd 
tendency to Jail; ior the plummets ab (fig. 19) point in opposite direftion?, hs 
also do CB, according as diey are situated at the opposite pole^i or at ensi aud 
west; all pointing lowaTds the oentre a of tiie eanli. 

89. Giavitation, iaconnmoo witb other attiaotiTe fcioes^ obeys moat atric^ 
tiie general law already annoonoed (91), its intenaity being ioTetaely as the 
squares of the distances of the gravitating bodies. Thtis onr moon, which is 
placed at a distance of sixty of the earth's semi diameters from its centre, is 
attracted aocordinsr to this law with a force of 60X60=3600 times less than 
bodies are on liie surface of our globe. The force of gravitation must always 
be oonsiderad aa acting from the oentre of any body tnm whioh it emanatea. 
Fkom thia einamiilanoe it ia theoretically impossible ibr' two plomb likiea 
freely suspended, to hang perfectly parallel. Let ▲ and B be two lines, eadi 
having a leaden ball suspended to it; they will 

point towards the centre c of the earth, and of Fig. 20. * 

course, instead of being pertecily parallel, will form 
an angle with each other, which at small distances 
is so slight that it may be almost neglected in re- 
'ality, although it can never entirely vanish. In 
small distanoea, even to the extent of some hun- 
dreds of feet, the Unas of gravity indicated by two 
plumb-lines may, on account of the matmitude of 
tlie semi-diameter of the earth, be rrgar drd as 
parallel ; but when these lines are some miles 
apart, their convergence must bo calculated according to the curvature of the 
asrth*s aiiffiuw ; this will amount to about one mimite in a gcuj^raphical mitoi 
and oonsequently to one degree in sixty milea. 

Let AacDj; be a section of the earth at the meridian 
of Paris, and ax its axis of rotation. Paris will be situ- Fig* 21. 

ate l nt c. nnd a pliimbline freely suspencied there will 
point in the direciion ecc. Dunkirk will be at i) at an 
angular distance of 2° 11' 6" from Paris, and its plumb- 
Uae will coinoide vrith tbt. Batoelona will be at a at 
an angular diatanee of 7^ 2lK 29^' iW>m Plaris, and a 
plumb line there will coincide with the line aae, form* 
ing an angle Of 9^ W with a aamilaf plummet at 
IHinkirk.* 

40. The intensity of the attraction of gravitation varies, 
iK)t only With the mutual distances of the attracting 
bodies, but also with the quantity of matter contained in 
Ihem. In this way tlie great oentre of our universe, the 
snn, from ita enormous bilk, its mass being greater than 
that of all the planets taken together, is capable of attmeting even the moat 
remote, as Uranus and Neptune, although placed at tlie enormous distance of 
hundreds of millions of miles. This force being mutually exerted between 
bodies, they always move to meet each other: hence when a book or a stoua 

• P^MiUat, Etemeats de Physique. Paris, 1637,|^ tt. 

6» 
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' AUi towuda earth, the ktler iim to meet it: this motion is of oonrae 
moat infinitely (Nnall, because the attraction of these bodies for the earth l^eing, 
caterit paribus^ in the ratio of their masse?, the enortiKms preponderance 
in favor of tlie earth would preveiu its moving au a])i)reciable distance to 
nioet the stone, wliilst it would be sufficient to enable our globe to attract the 
latter at a distaiuie of seToial millioiui of mitefl. At « neoMSBtjr oonsequeiM 
ofthti inntivd aStmotiaBteleTSted bnikiings aad moimtMnsmicbt b» expected 
10 gmvilBte towards each other, an efieot pie vented hf Uia mpenor attmctioa 
of die earth, which tends to keep them on the bases, and by the attractions 
at insensible distances whieh firmly bind their integrant portions lo'^ether. 
For whenever gravitation and cohesive or capillary attraction are opposed, the 
latter within the limits to which they are confined are most energetic, instauced 
in the ascent of fluids ia tubes (26) above their fi>rmer level* and in oppoa* 
tion to the gravitotivo tMnt&m of the eardi. StiU lateral attmetkn le eseiledb 
Ibr Dr. MiiBkelyiie,!ii a aet of experiments perfbrnied ia 1772 neat the vaammf 
tela Shehallian in Scotland, fimnd that a plummet was really drawn fVom the 
perpendicular by the attraction of the mountain to the extent of 54". The 
^ame thing took place in the researches of t!ic Frencli astronomer?, whilst 
engaged in America in determiriiiig the measure ut' llie mt ridian ; initaerous 
sources Qf fallacy, arising from the lateral giuviiation of limit iiistruiueats to- 
wards the suRounding mountains, opposing tbenuelveB to Uie oofteolaaHi of 
liieir remits. The laterot attraction of Cbimbonifo^ ^ toftiesi of the And^ 
althoui^ much diminished by the existenoe of an enormous volcanic cavity 
in its centre, was found by M. Bouguer to deviate a plumb-line 7" or 8" from 
the perpendicniar. The mutual attraction of bodies free to move is beautifully 
illustrated in tlie ccltbrated Cavendish experiment,* which has lately been 
repeated by the late Mr. Fmncis Bailey .f In this noble experiment the atr 
traction of a large mass of lead for a given mass of light matter was rigidly 
determined, and dias by comparing the atlraodoa of the mast of lead Ibr die 
Ufllit body with Aat of the earth, the mean density of the latter was detest 
mined to be 5*6747 times that of water. 

41. If no material obstacle interfere to cheek or impede the fall of bodies 
towards the earth, the attrai tion of tlie latter will cause them to move with 
ef|ual degrees of velocity, so that ail Ixxlies fallins from the same elevation at 
the same instant will reach the ciarth tc^ether. Daily experieuce appetirs, in* 
deed, opposed to this, as faeayy bodies seem to fall with greater vekn^ than 
lil^ter ones, and this on superficiat Teasoning might be expected, as attnetion 
increases in propoitioa lo the mass of matter. This objection vanishes wheo 
we recollect that, as matter is inerf^ force is required to set it in motion, and 
the quaiUity of inertia being as the quantity of matter (18), it follows that if an 
attracting force equal to four is sullicient to draw a quantity of matter equal 
to 100 pounds to the eanh, four times that force will be necessary lo draw 400 
peonds wkh Uie s^me TelociQr, for as the mass of matter increases, its resist^ 
ance to alter its slate or position inoreases: a oonoeqaenoe neoessarily flowing 
from the observatioDs already made on the inertia of matter. Hence all bodiee 
falling from the same iwight will occupy the same lime in falling ihroagh a 
given space. 

, 42. The apparent exception in the case of an extremely li.^ht body, as a 
father, paper, gold leaf, &c., which, instead of falling directly tovvaids iho earth, 
floats in the air and descends by a circuitous route, admits of ready expiauauuu. 

• Phil. Transnctions, 1798, p. 400. 
t Mem. AAtroaonuc. Sue, vol. i4lll. 
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For diis deviation £nom the direct course arises from the 
teaitlaiioe of tbe medium through which the body moves, 
opposing itself to its direct downward motioD. If this op- 
pcMitkm on the part of the atmosphefe be counteracted if 
compressing these light bodies into small bulks, as by roll* 
ing the paper or gold-leaf into a ball, tlxen they will de- 
scend wiih equal velocity with heavier bodies. This is 
well shown by placing a piece of metal and a feaiher on 
the little brass shelves ab, fixed at the top of a tali glass 
Mcseirer. Theie shelTOS move on binges, and an kept in 
a horizontal position means of the hmw Id^TO ; on tmaf' 
ing this key, the slides give way and the metal and feather 
/all, the former reaching the plate n sooner than the latter. 
Replace them, and exhaust the air by means of an air- 
pump ; on now tuminfr ibe key c, the feather and pioco of 
metal will fall, and be iuuxid lu reach the botium v, at tho 
aame instant of time. 

43. ' The ascent of mpors, and balloons into the air, tike that of light bodies, 
as corks in water, is pradooed bf the attraction of giaTilation. For this at- 
traction being greatest in proportion to the quantity of matter, the denser bodies, 
83 the atmospheric air or water, are drawn forcibly downwards j and those 
containing a less quantity of matter in a given bulk, as 
the balloon in the former case, and cork or wood la the 
latter, are forced to rise by tlie denser fluid bodies sink- 
ing beneath, them. 

Let the vessel ▲ be filled with water, and a solid bodjT' 
as B,be placed in it; both the fluid and the hodj B vriil 
bo attracted by the earth. If b be denser than the same 
bulk of water, it will be attracted by the earth and will 
sink; but if it be less dense than an equal bulk of water, 
the latter will obey the gravitative attraction of the earth, 
and B will be Ihrced to rise to the suilkoe. Tbns the 
floating of light bodies in fluids of eyery description, is 
a direct and legitimate consequence of the law of gravitation. 

44. The spheroidal form of our earth, and of the planets of our system, ap- 
pears also to result from this law. For as attraction is equal at eqiml dis- 
tances, and emanates from the centres of the masses, we may ennchidc that 
the earth, when in a lluid or semi lluid state, must necessarily have assumed 
the spherical form ; because no figure has every part of the line bounding its 
periphery equidistant from the centre, except a eircle; which wouki have 
been the exact figure of a meridian section of the earth, if disturbing causes 
arising from its rapid rotation had not interfered (59). 

45. As weight is an arqmred property of matter, and produced by an at- 
tractive force (38) emanating from the centre of our earth, it follows that a 
mass of mailer wouitl not appear so heavy on the top of a lofly mountain as 
on the earth s surface, because it will be there further removed from tho 
centre <tf the earth. And accordingly it is Ibund diat a mass of lead, weigh* 
ing 1000 pounds at the level of the sea, loses two pounds of its weight on 
being elevated four miles above the surface: and if carried to the surface of 
the moon, and thus be removed 240,000 miles from the earth, the attiactioii 
of the latter for it would not exceed five ounces. 

For this reason, bodies wei^'h heavier near the poles than at the equator, 
on account of tlie former being nearer the centre of the earth than the latter ; 
and if it were possible to place any body in a cavity at the centre of the earth, 




Digitized by Google 



68 



MArtmrn of Amkcrm wowbmm. 



U wodU be aqnalljr attracted on all sides, and oo oMq wa ml y nmaiii iM peaJed 
In ipaoe, fik» Um ftUad ooffin of MahooMt. 
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46. Alild«teflMlkmcnteiiatBf«orgra^lMiaowiHiadioM4M 
of a point in ewf tabstanoe, nt which the attraction of the party for every 

portion wil! bf» piqnn!ly balan^^f^^f : nnd wliich, if pupportetl by mechanical 
ineanSi will j>!ac e the who)*» hAy m n ^^tnte of stable an*! firm cqoUibriura 
(52). This jKJint is lermetl the (xntrt oj gravity or centre oj inertia^ as U is the 
spoi where the whole vis ioeitMBof the maas may be anppoeed te be eoo c e n 

tmted. Let as be • bar of nay eabaienee divided 
into seven imaginary partly the dots Ed the centre 
of each rpprp!»entinc^ the centre of ^rarity of each 
portion. The attraction of the earth for each of 
tliese parts may be represented by a series of pa- 
rallel right lines, cdef, ami if each compo- 
nent portion be of equal bnft and density, tiie ai* 
traetionof the earth Ibr each will be eqnaL Under 
these circumstances, three lines of attractive ibtee 
of equal intensity aro citimted on each si(!e of t; 
and if 71 f nfTicinntty simng pr. ]) he fixed in the di- 
rection u, the whole body wiii i)C supporletl. The 
support la nmit be Mmg enough to leaial die a^ 
tinetion of die eardi Ibr the aeven portione of a», represented bf the arren 
lines, which attraction is of eoofae equal to the weight of the bar (38). The 
spot in the centre of the portion i of ab is called the rrrttre of gravity of the 
tfihole barj and at thi^ f»nint the attractive fijrcoof the enrtl), represented by the 
lines COKOBK, may be suiipn-ed to be ooncentratetl in the centre line v. The 
term, embmo/paraUel firces (1 10), is from its ^>06iuoa often applied to this point. 

JUbdi ef drtntMninr tki ci w lie i of wnBtkm of diffknutiu /wmted hitJht. 

47. (A.) The centre of gravity in a right line, coni|)osed of similar |>artieies 
of matter, ia its middle point. In the line as, the point c is the eentra of 
gvnvi^* 



Fi2. 25. 
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(B.) Tyie centre of f^mviry of a parallelogram is t!ie fv>inf where Kn*^« 
biwrfin^ two of its sitli .s intersect each other. In thr lii^'iirc men, bisect 
and cjj by tiic lines SkF qu. The point s, where the^ imea iiitur^ect, oorre- 
eponda to the eentre of grafitj. 

In a triangle, (fig. 27^ at Anc, the centre of gmt Ity is Ibund bf ^t^^'*g 
AC, and AB at Ba,€onnect nc and as; the point S| where these linee intmaect, 
as the centre of grnvity of the figure. 

(C.) In any other li^nire Ixmnded by hglit lines, the centre of gravity may 
be found by dividuig it iinio triangles, and linding the centre of gravity of eaclL 
Thoa, let Aacna {^g, 28) be the figure in questiun, divide it into the triangles 
ADC, ABC, and aed, find the centre of gravity of each in the manner already 
described (41). ate be these eenties. Thcntoinaft^andblsect ^ils 
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Fig. 87. 





Fig. 39. 



at df in flaoh a manner that the part db will bear the ratio to ad,m 

gle ABC does to the triangle adc. The point d will thus be the centre of gra- 
vity of the fi;:];^iirft abcd. In like manner connect to c by the line cedj and 
bisect tixis at t, m such a manner tiiat ce will bf^ar the sano© proportion to ed 
as the sum of the triangles abc and aco doe^ to tiie triangle ads, and e in the 
middle of the line cd^ viU he lb» oentte of gravity of dia whole agure. 

(D.) In a dicie, the centre of gravity If in its geouetne ocntie; and in an 
oval, at that point where its transverse and loogitadinal diameters intersect* 

In all these cases the density of the mattrr composing the figniBSS IS flap* 
posed to be unif rm, and its thickness inappreciable. 

48. If a body be freely suspended by any point, 
it will remain at rest when a perpendicular line let 
All IVom that point paeees through its centre of gnu 
vity. This law aflbrds a ready mode of determining 
the centre of gravity of any body by experiment. 
For It t A( HD bean irregialar-shaped body, as a !x>ard 
freely suspended at a, n plumb-line abe hanging on 
the same support. The aitraciiun of the earth will 
cause the line ab to hang perpendicnlarly donni- 
wards, and acting on the centre of gravity of ACan, 
will cause tliat to fall in some part of the figure cot* 
erod by the line ab, as at this point or centre all the 
ellect of irravitation may be supposed to be concen- 
trated (40). With a pencil draw a line ab on the 
hoard, and suspend it w'ilfa the plumbline horn 
another point, as c. The force of gravitation will 
now cause the board to assume a state of zest in 
another direction, still having the centre of gravity 
in the course of the vertical line described by the 
plumbline. Let this line be cd, and the point where 
AB SG intersect each other, corresponds to the cen- 
tre of gravity of the figure abcd. 

49. The centre of gravity is by no means ne» 
cessarily placed in the body itself; in a ring, for 
example, as ab, tliis point will be the centre c, 
and consequently in the space midway ixom every 
portion of the solid. 

50. If a hody he not of uniibrm density, the 
centre of giavlty is not situated in the places 
ahove described. In a homogeneous circuhur 
figure, it corresponds, as above stated, with tlie 
geometric centre ; bnt in one of unequal density 
in dilTcrent parts, it becomes eccentric, oAen considerably 
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Let ABC be an inclined plane, and a plain circulnr figure nso bo plnrc d 
upon it; if this be composed of matter of equal density, d will be tlje centre 
of gravity, and being attracted by the eartli in the direction dk, falling below 
llie point iiupported by the plane, the circular body will necefisarily roll down. 

Let the {xntioii ft of tli'e flgnia imw ba oom- 
poeed of some detiee matter, as lead, the re- 
maining portion being of wood, as alder ; theo 
a bulk of the latter, weighing 800 graine, will 
correspond in size to a mass of the former 
wpin:hing 11,350 grains: those numbers, being 
ill ike ratio of the respective specific gravities 
ordenaltles of the two bodiea. The attneiioQ of 
the eavth will now act veiy difieientlj oa the 
circnlar figure d, for the oentre of gmvity wiU 
no longer be at the geometric centre, but at a 
point nearer o, as at s. Gravitation will act on 
8 in llie direction st, caii?inp it to assume the 
lowest point, the point s will obey tiiis attraction, 
and the circular figure d will roll up the inclined 
plane; femaiaing at leet when a line let ML Dram the centre of gmvitjr a 
passes through the point anpported by the plane. 

- The analogous phenomena of a double cone moving up a double inclined 
plnne, and of a billiard ball moving up two inclined rods, admit of a similar 

explanation. 

51. No body can be in a stateof permanent equilibrium unless n line, falling 
from its centre of gravity, passes through the point of supporu Thus in the 

figure ABOB, B represents tiie centre of gcwviOTt 
and a line ftlling Ikom that point passes tiiroagh 
the base, which is support^ by the table ; the 
figure therefore stands safely. But place on its 
eummit another piece, affb, the centre of gravity 
will be raised to «, and as a perpendicular line 
drawn from that point falls beyond the support- 
ed base^ the body necessarily fails. Hence the 
danger of loading wagons too high, and of build- 
ing walls, If necessarily inclined, too lofty} Ae 
leaning towers of Pica and Bologna may, aoct* 
dent ap?\rt, stand forever, as long as a pcrpen* 
dicular iine drawn from their centre? of gravity 
falls within the bases of the buildings. This is 
indeed die case with both these remarkable structures, for the tower of Pisa is 
315 feet high, and has an inclination of 12*4 Aet ftom the perpendicular, and 
that of Bologna with an elevation of 134 feet,has an inclination of but 9*9 feet 

52, A body, unacted upon by other external forcee 
except gravitation, will be in a state of equilibmm 
when its centre of ^avity isi «»np[>orted (46). 

If the Ixxly lie circular, ami b its tH iiire of trravrtv. 
it will be in a stale of stable or $teiidy ((juiiibnum it 
supported by an axis passing through a, for a perpen- 
dioular line piodnoed flom this point will pass 
through tlie centre of gravity; and if the body be 
moved, it will, after a ibw oscillations, in whidi S 
will describe the circular arc rB6, recover it? former 
|X)silion, If, then, the axis be passed thronL'h n,tlje 
body will be in a state of indijferent equih^wii^ lor 
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the point of support corrf^sponcHn^ with the centrf* of gravity, it will remain 
at rest in wlmtpver {)n>itiun it be placed. Lastly, if an axis be pn-^^ed 
through c, the body will be in a state of umtubk equilibrium, for it can only 
letain llilt position as long as a vertical line produced from a passes throuijii 
c ; and as soon as the sli^bteit deviation ftom Ibis position oocnrs, on the 
application of the smallest ibioe»the body will move round, until b fiUls under 
the point of support. Thus, for a body to be in a state of ttrndf iflin'riOl iiail, 
its centre of prravity must ocenpy the lowest possible point. 

53. The stability of a suspended body, and conser|iiently ilie resistance -it 
opposes 10 disturbance of its equilibriutn, iucreasie with the distance of its 
eentre of gravity beknr the pdnt of support. Henoe In llie oonstmeticm of 
very delicate balances* it is necessary fyt the centre of giavity to be but just 
*belo%r the point of support ; otherwise so great a force would be required to 
disturb tii<> equilibrium of the beam as to lendef its i n ^^i ffn tiops in the estitnib- 
tion of small weights nearly useless. 
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54. Iw the preceding chapters we have confined ourselves to the considera- 
tioQ of matter in a state of rest ; we have next to investigate the properti^ of 
matter In motion, constituting part of the science of Dynamics. 

By motion we understand the act by which a body efaanges its position. It 
has been divided into several species; thus a faoc^ is said to be in abtohU 
motion when it is actually moving from one part of space to another, instanced 
in tiie movements of the planets ; and to be in a state of relaixvt motion, when 
it is moving with respect to some one Ixxly and at rest with regard to anotlier: 
thus a man standing lu a sailing vebsci ib iii motion with relation to liie shore, 
and at rest in relation to the several parts of the ship ; in this ease also his 
motion is said to be common with that of the vesseL Besides these, there ate 
some other divisions of motion which it is imporMnt to understand ; thus the 
motion of a body is uniform, when it passes over equal portions of space in 
equa! times; it is arcrlcralfJ, when the aiiecessive portions of space passed 
over increase, when tiiey diminish it is said to be retarded^ and when this in- 
crease or decrease of motion is constant, the motion is said to be wdfitrmiii 
aeederaUd or rttarded. The motion of any body is mnfkr or dnoer in pvopoi^ 
tion as the space passed over in a given time is greater or less. The degree 
of rapidity with which a Ixxly moves is termed its ndbcdy^and is measured 
by the space passed over in a given time. 

55. In ron^eqneiK'e of the inerlia of all bodies (IS), force must ho Rjiplied 
to cause iliem lo a^auiue motion. If il be merely micuded lo cause liic body 
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to moveinlte same horizontal plane which it previously occnpiec!, the ap- 
plied force mii?t be ^nffictent to overcome the innate resistance of the bo'h' to 
any alteration :n position, or inertia, and the friction of the supporting ho !y. 
But if it be intended to place the body on a higher horizontal plane tiian it 
previously occupied, the applied force must be saffioiont to oveioonie atao the 
attraelioii of the eartli, oir Hwee of gravity (38). 

. 56* The nnptlMt ptinoiples to which the phenomena of motion can be re- 
dnced have been arranged by Newton in the Som of three axioma Of laws; 
well known ae the Hiewtooiaa laws of motion. 

LAW I. 

Jt body at r€tt wU aniimm n^; and if in motion, will cowtimm t9 mam im • 
right Hm, wdm adtd «fKMi loms nUmal firsts 

This law is a neoessarf oonsequence of the i/mrHii of matter (18). The 
second part, however, referring to a moving body never assuming a slate of 
rest until acted upon by external force, might at first be doubted ; but a little 

reflection on the co?nmonest phenomena presented by moving 1x>dies will 
expel this doubt, ami deuioiistrate the truth of the Newtonian axiom. The 
very inertia (8) which a body when at rest opposes to any applied force 
which tends to pnt it in motion, eqnalljr (^n^oses its coming to a state of real 
when onoe in motion. Thetefinre» wheneTer a bodjr in motion comes to a 
state of rest| we maj safely infbr that some external force has been exerted 
to cheek its progress through space. The chief external eanses checking the 
motion of >x>d!es^ are: 1. Friction. If a ball be thrown along a common road, 
its irjotion from its emxjuutering so many obstacles, becomes obstructed, and ii 
i)Ooii stopdj on a smooth bowlinf^ green, there being less friction, the bali 
moves to a longer distance: and still farther on a smooth sheet of ice or level 
paTeinenl^ fkom the great diminntion of friction. 2. RuiMtanee of ffte tstmnphin. 
This has beeli already referred to as a-powecfhl cause in checking mcftion ; it 
noLj be very satisfactoriljr piored by causing a wheel accurately balanced to 
rotate in nir, and in the vacuum of an air-pump; it will be found to continue 
in motion tor a much lnnG:ertime in the latter than the fnrrner. 3. Gravitation, 
This is by far the moat imixjrtant source of opposition to the eontinuaiioe of mo- 
tion, for whether a body be projected vertically upwards, or horizonuidy, tlie 
attraction of gravitelion will nltimately cause it to stop and lull towards the 
earth. 

57. In consequence of the tnertia of bodies causing Ihem to persevere in rec- 
tilinear motion, it is found that, when revolving in a circle, they constantly eih 
deavor to recede from tiie centre. This is termed the centrijfugaJ or centre-flying 

force. If a ball alTixed to a cord c, be made to re- 
Fig. 34. volve rapidly in a circle, from a fixed point s, as 

a centre, it will describe the circle abk. il, whil:»t 
B rapidly moving, the cord c be cut with a sharp knife, 

the inertia of the ball will cause it to continue in 
motion, not, however, in a civdc, but in a right line 
corresponding to a tangent to, the circular path it 
described whilst the line c was entire. The fnrce 
which caused a to fly ofl' in the direction of a tan- 
gent is the centrifugal or centre-flying force: and 
the cord c represents the direction of a centripclal^ 
or centre-seeking force. Thus, considering the ctr* 
de to be composed of an infinity of planes, the bell 
£ will tend to follow the direction of one of the^e 

planes, and rush off at a tangent io the curve. This 
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circumstance, taking place the instant tfie force which binds A to the centre is 
overcome, shows at once that the centrifugal motion is tlie result of the tend- 
ency which bodies possess of moving in rectilinear paths, and is not owing 
to the development of any new force. 

68. W© see magnificent examples of dus Ibioe in the levolntkm of the 
9hentof oyr oniTerse. Hm the earth and othsi planers levobre round \hm 
sun as a centre, with enormous velocity, everywhere tending to rush off into 
infinite space in the direction of a tangent to their elliptic orbits, a state of 
things of course equivalent to universal desolation and destruction, and pre- 
vented only by a powerful centripetal force. The latter is here represented 
hf ^ gmvUndva sttmotion of the eon, by vrhiolk att thepkHwtBtsiid to gravi- 
tata towwdt his eentiOh Equally batatnced betwoen these opposing lbiee% 
elements of oaf aniverae hare revolved ibr myriads of ages around the 
great centre of our qMai, pwwftiifing a wondeflul speotafole of infinite har- 
mony arni wisdom. 

59. On our own globe we have a remarkable instance of the effects of this 
ibroe, ftom ite revolving on ite own axis at the rate of 19*0 miles in a minute. 
An energetic eeotrifugal fofoe hcoomes geneialed at the equator, whieh 
portions of the earth tend to fash off into space ; this is prevented by the cen> 
tripetal force of gravitation acting from the centre of the earth. Still this has 
not been without its influence, for at an early epoch, probably during a semi- 
iluid state of our globe, a considerable bulging out occurred at the equator, and 
a corresponding flattening at the poles ; so that the equatorial diameter of the 
eutfi it 17 miles greater than its polar diameteiii Thie attention In figoM 
admits of an easy illustration, by lapidly revolvfaig 
two elastic iron hoops placed transversely. Theee are Tig, 3i. 

fixed to the iron axis at a, and are loose at b ; on turn- 
ing the handle c, so as to revolve them rapidly, the 
movable ends of the hoops will rise half-way up the 
■sir to B, and will bulge oat at the sides. Thosrepce- 
•enting tfie flgore of a holkrar flattenedfspheraid, so 
long as the rapid moti(xi continues ; when this ceases , 
the loose ends of the hoops will descend and regain 
llieir original figure. On this account botlies weigh 
less at the equator than at the poles: 1000 pounds 
at the latter corresponding to 9W at the equator, from 
the ineieaied distanee fi»m the oentie of the mank 
(45). 

The projection of a stone by a sling; heaving the i — 

lead at sea ; the scattering of drops of water from the 

wet revolving carriage wheel, oc housemaid's mopi are so many familiar ex- 
amples of this ibrce. 

SAW n. 

60. ChoMgt in tk§ Srtditm ofmotUm if akoays proporHkmid to Um fofm appKed^ 
and wifl iaht pkm w a rif^ Hm wkk thi impnmd font. 

Having, in the preceding observations, shown that all motion mnst result 
ftom the applksatioQ of Ibioe, we now find tet such motion will be propor- 
tkmedto the foroe applied; nnd thus, if a fixrce equal to 2 produces a certain 
amount of motion, twice as much will be produced by a ibroe of 4, and tliree 
times as much by a force of 6. If the direction of the force be horizontal, 
the movement will be in that direction; and if oblique, the direction of the 
motion will be equally sa The motion will be increased or diminished in 
the same propoftlim at applied Ibioe, Hie fldl efibet of the ftne aoling 
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on a body ficee to itioire, is ocofled only vrlmi applied in a dirDQiioo perpeo* 
dleular to the body, la any other direetioii a part only of the 



UkW III. 

61. M oeTiM it aMMM bjf U» corresponding nadiam, eqmi mfim 

in dinctiotu 

' The eziatenoe of thw tew is so obvious that a r&j few examples will be 
sufficient lo prove its nniyenality. If a person presses a stone with his 

finger, he experiences a resistance arising from the reaction of the stone pro- 
ducing a counter pressure. A horse drawing a load forwards, is pulled hack- 
wards by the v. eij-'ht tn which he is connected. A bird, in the act of iiyiiig, 
strikes the air downwards with its wings, and produces a reaction sufficient 
to support itself in the medinm in which it lives. In swimmi t ig, a man strikes 
the water downwards, and its veaotion rises and causes him to float. In 
firing a rifie, fke exploding powder, which gives lo the hall its Atal.velocity, 
produces the recoil of the piece. 

62. This law is also the catisc of the well-known phenomenon of the 
reflexion of modon. If any Ixxly. as a marble, or any other tolerably elasli« 
body, be thrown a^inst a iixed substance, it strikes it with a certain degree 
of £)iDe» and the teeotion of tiie fixed body throws the ball back again with 
equal ibvoe, providing no opposing causes interfersw If the bell be projected 
in a direction perpendicular to the plane of the fixed body, Ae reaction wiU 
drive it back in the direction of the path it described whilst advanciDg to- 
wards itj but if it move obliquely, the reaction will reflect it with an equal 

obliquity, but in an opposite direction. Let 
▲ be the moving body projected in the di- 
rection AC against the fixed obstacle bce; 
the reaction of the latter will reflect the ball 
in the dilution cp, forming an angle with the 
plane of the fixed body, equal to that fimned 
during its approach to c. The angle formed 
by the line ac with the perpendicular gc is 
called the angle of incidence; and that by iho 
line FC with oc, i:^ called the atigk of re- 
flexion; and as the angle Aoe is equal lo the angle ecv, we deduce the gene- 
ral law, that the amgk ofinddmce i» ab»Hnf» equal to Uu omgUofr^Uxum; a law 
applying not only to the movement of pondemble, butafimpondentble matter, 
as light (066). 

63. From tlie Newtonian laws of motion, we learn that the application of 
one force can only produce movement in a straight line j and that two or 

more forces are necessary to produce curvili- 
near motion. We have next to consider the 
efibcts resulting iron^ the simultaneous ac- 
tions of two or more forces on bodies ftee 
to move. 

Let A hf' n ball of any substance, acted 
upon by two equal forces in directions at right 
aiiL';li e to each other; and let bcde represent 
the directions in which these forces would 
respectively move the body a. It is obvious 
that A cannot obey bodi these forees at the 
same time without separating into two poi^ 
tions; it therefioe takes a path midway be- 




Fig. 37. 
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Fig. 38. 




Fig. 39. 



tween tfMm in tfie direetioii of ifaie dotted line a»; wbicSi is taniied the 
rm^&nt of the two tepante forces bc sb. 

If thp two forces act on a, in directly oppo«^ite directions, the bell will of 
course remain at rest, providing the forces are equal ; but if one = f exceeds 
the other b then the ball will obey the excess of force /i aQdwiUiiu>ve 
in the direction in which f acts. 

64. When the Ibroee me nnequal, Ae lemltaot padi of iSbm hall maj 
tettdilydetemiliied. Let a, as before, be the hell, 
■oted upon by two forces at right angles to each 
other ; let ab represent the direction of one, and 
AC of the other force. Suppose that the force 
acting m the direction ab is equal to 3, and that 
In the diieotkn AO lo S.. On the line ab, take off 
flom a nale of eqiml parts die distanee 3, and 
on AC the distance 2. Describe 91 paraQel to ab, 
and BE parnllclto ad; then join 4i,and this line 
wil! he the path taken by the ball A, and is the 
remit ant of the two forces ab ad. 

65. When three or more forces act upon a body, their resukant may be 
Ibond in a similar manner; ihr, haying ibiind the lesnhant of two Ibicesyin the 
manner already described, adopt this for the side of a fresh paiallelogiani,the 
other being furnished by the line of direction of the third ibioe. Thus, if a be 
ncted upon by the forces ab, ad. ae ; find the 
resiiltniit o(' AB, AT), 111 the usual manner, this 
Will be the dotted line ±t j then measuring on 

Am a distanee eqoivalei^t to tfie fime acting in 
tiiat direction, diaw se parallel tp AF,aaid leto 

AS. The diagonal of this parallelogram ao will 
hf* the re!nthnnt line, in which the combined 
action of the tliree Ibrces will ultimately act 

66. In consequence of iiieretuUantUne point- 
ing out th^ ultimate effect of all the Ibices exert* 
ed, alt these cases aie termed examples of eom- 
poiiHon of forct^ or motion; and each of the quad* 
rilateral figures described by the lines in the 
above diagrams, is termed a parallelogram of 

/orce$. Conversely, as we obtain a composition of force by the simultaneous 
action of two forces in difierent directions, so we can, by what is termed the 
nsolKlisii of forctot meHom, resolve or refer the prodnction of certain rectiUnear 
motione to the simnltaneous exertions of two didfecent effects. Thus, in the 
case already mentioned (62), when a moving ball strikes a fixed obstacle, 
neither being perfectly inelastic, the anijles of reflexionandincidenctiareeqna] } 
the reflexed motion dp of a ball placed at c, after 
striking d, may be accounted for. For the force by 
which tlie bsil at c moTes obliquely to d, may be 
lesblTod into two, one acting in the direistion cb; 
parallel to the plane, and the other bb, perpendi- 
cular to it. As both these forces arc virtnallv in 
n< tiiJii when c strikes d, the reaction of the latter 
will develop both, and tend, the one to move the 
ball in the direction db, the other in the direction 
BB. It being impossible for tbe ball to obey both 
ibices simultaneoDsly, it fiillows the resultant line 
sr, which forms, with z, an angle equal to that of 
CBB, in aooordanoe with the general Jaw. 




Fig. 40. 




Digiiized by Google 



76 



67. Tf a perfectly okstic body im{Mngd upon a hard and fixed plane ol> 
Uqueiy, it will be reflected from it in siuik a awBDei^ llml tfaeiOQglflt of laAeK- 
ian and inoideiiee will he prodeely equal, a> has hetn alteadf deoMntratad 
(08^ All if helk the itittiag body and fixed plane be perfectly hard (78) 

and inelastic, then, aftor its oblique incitlcnt, 
Fig. 41* the body will not he lefiected, but wiU m>v0 

along the plane. 

Let ABU be the plane, and co represent tlie 
path of the mpving body; tew Bs perpendip 
ealar» and 4S pamUallD Am. ]iis«bvioa%tliai 
ca MQT be reiol'ved (66) into the two forc^ 
ci OA, as in the case of coUisioni elastic bo^ 
dies (62); the motion ca is employed in cnrry- 
in^^ the body directly towards the plane, which, 
being perfectly hard, annihilates tbis direot mo- 
lion. The other motion €X is emplqyed in 
carrying the body la a dueoiioii ftaaXkX «> Aa 
plane, and of ocone will not be deettoyed by the impad; aad no fiiroe exists 
ing to separatOi «r vofleot the Miy Ikom die plane, it will move along it in 
the direction db. In ibii oaM» eaUiog the valooliQr heftwe infiaai t« aad thfli 
ailei| we have 

V : « : *. CD ! CE. 

68« In the resolution of forces, the wljole amount of force exerted is Dece»- 
aarily increased. . For in the buft eocample, the ibioe whi^ propels the ball 
fiom 0 .to D is resolved into cb, sb, whioli together are greaser than e»; 4fea 
esdmalod effects of forces, however, do not become affected by either cooipo 
sition or resolution when estimated in given directions. (^Wood's Meek, 66.) 

69. Illustrations of the action of one force on a body are too fnrailiar to re- 
quire notice; of two forces, we have an example in a boat tending to be car- 
ried westward by the tide, whilst the boatman, by the aid of his oara, attempts 
to direct its course northward ; supposing both these forces to be equal in 
intensity, the boat piooeedsin the diraotion ef die diagonal of a yarallelogfaiB^ 
two of whose sides represent the diraotion of these forces, or nprth-west. A 
steam-vess^ whose paddles tend to paopel the vessel northward, whilst the 
wind blows eastward, and the tide running in a third direction, illustrate? the 
application of tliese [orLOs; for the vessel, not being able to obey all three 
ibrces simultaueouslyi sails on her way in the direction of a resultant hue of 
the whole. 

70. When Ibsoes of equal intensities aet en bodies flee to jneve^ they oanse 
Ibe latter to move with vakxsities, which are In the anTeiae ratio of tfattr 

masses, or quantity of matter oomposing them. So that if eqnal chaigea of 

exploding powder be made to act upon bullets, whose volumes, supposing them 
to be of erjnal density, are as 1, 2, 3, 4, 5, 6, &c., it will cause them to move 
with velocity varying reciprocally as the numbers 1, -J, ^, Jl, ^, &c., thut 
the bullet whose volume is equal to 5, will bo propelled with a velocity one- 
fiAh of that with which one whose volume is equal to I is projected. Hence. 
Ibr an eqnal ibroe,tbe masses of the projectile multiplied by the ▼elooity, gifos 
ifae same number, and ibis is termed the pumMUff ofmotimf andalbne daobla 
or tr^le that of any oUier, will produce two or three times the quantity of 
movement. From these fjActs the following laws have been deduced. 

(A.) Forces are in eaeh other as the quantities of motion they praducOi oc 
as the masses mulliplicd by the velocities, 

(fi.) For equal mosses, the forces are to each other as the velocities they 
ptodooo* 
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(C.) For eqiMl 'vtStitiidM, tfM $mm m to eaoh odier as mnwni on 

Mrhich they act. 

71. All bodies, when moying either under the inflmnoe of attraction or any 
impressed force, oppose a much more oonf^iflcrablo re*»i?tancf^ to their being ^ 
stopped, and strike an opposing obstacle with a much greater de<ir( e of vio- 
lence than their mere inertia (18) will account for. This arises from the 
impetus acquired by the moving bcdy during its passage— it is termed tnomen$* 
iM, whkfa^Telocitiet being equal, inoMses in the ratio of tbe mav of matter, 
aad in tfaaiatio of the Telodties when the maiaca are eqnaL CooMquentlf, 
the moraentum of any moving body is foimd by multiplying its mam faf iU 
velocity. A light body will, by bavinj:: its velocity, and therefore its moment- 
um, increased, strike an obstacle with as much force as a heavier one ani- 
mated witii a slower motion. A cannon ball, of 3 pounds weight, possessing 
a velocity of 300 feet in a second, will possess as much momentum, mid strike 
any opposing aubatnaoo with aa maoh ibfoe» aa one of 30 pomids moving at 
the rate of 30 feet per aeoond, &s 300 x 3 = 30 X ^« 

"nils iact explains whj large masses of loaded ships or ioebmga, although 
moving but slowly, are capable of exertinp^ snch enormous force upon bodies 
with which they come in contnct, and, on the other Imnd. shows to wliat cause, 
the ball projected from a niusket, notwithstanding its in&mtely smaller bulk, 
owes its destructive powers. 

7S. The ibioe with which one moving body strikes another, is termed p«^ 
c nasa op, or eoBision: and is the same with moDMDtnm (71). When two 
moving hodies come in oontact, their ooUiaion is said to be dintt, when a li^t 
line connecting their centres of gravity passes through the point of impact. 
In speaking of the collision of bodie?5, a snbstanee \n said to be perfectly bard, 
when it is utterly impossible by the Ibrce appUed to separate or alter the posi- 
tion of its particles. ^ 

When the oolhsion of two perfectly hard bodies is direct they will, alter 
impact, either remain at rest or move on miilbmily together. Let these bodies 
be sailed a and n, and let ▲ overtake a, both moving in the same direction, 
liien ▲ wili eoBtimia to accelerate a, and a to impede a, until both have ao* 
qtiirer! the same velocity, after which they will move on uniformly to^^ether. 
But if they move in opposite directions, and their momenta (71) be equal, 
they will nuitually stop each other, and attain a state of rest ailer collision. 
If the force ui ▲ is greater than that of a, the whole velocity of a will be de- 
atioyed, and as some of the motive fiaoe of a will still oonthme^ it will aet on 
B, nntil both, as in the first ease, move on nnilbrmly together. In both oases, 
tile oommOD velocity of a and v,ailsr oollisioa, may be found by dividing the 
whole momentum before impact (estimated in the diiection of either motion) 
by the sum of the masses of matter. 

73. When collision takes place between perfectly elastic (17) bodies, the 
velocity gained by the body struck and that lust by the striking body, will be 
twice as great as if the bodies were perfectly haid and iaelastio. On impact 
first lakuig place, the same state of things ooeora as in the case of collision of 
perfectly hard bodies; and as soon as one body has produced the full effttt of 
ff5mitywi on the other, they both become compressed hy the blow, and, re- 
covering their former shape in consequence of their perleet elasticity, react 
on each other ; each body receiving an impulse, equal to that which caused 
its compression. 

74. When two perfectly elastic balls of eqoal bulk move towards each 
odier in a direot line, they will, afler odliskm, reeoU widi invene velocitieB. 
If moving In the same direction, but with different vektcities, the slowest ball 
first, then the swiftest will overtake it, and after collision, they will both con- 
tinoa to tmval on, bat with inverted vekKaties; ball which tmveled swift- 
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Fig. 42. 




«gt beftm «6HMioii, inH laad^miA ibb^r g&in, velociif. Lntif, vrhtm mn 
elastic bodystlikefl against another equally rla?tic. but rest, it will, bApt oot- 
ion, become tlatloBaijri ^ latter moving oa witk the velocity of the im- 
pinging lx»dy. 

75. Bodies possessing but imperfect elasticity, as soft substances, oppose 
more effectually than any oth^s the momenla af iMxUai ia UMlhia, ki e o am 
qaanoeof llMirrMingiinagraateror lew dagseo, to tha fiMoa af artliiiCNi 
wilfaoat tmtidng fspmi il; and thus oppOBing to die shook of ^ moving body^ 
a gradual leslstance inttead of a midden one, as in the case of perfectly bard 
substances. Thus they receive, as it were, the force of momentum, in several 
instants of timt', instead of but one. and lessen the impetus of the shoi k. 
Hence a fpatlier hcd or sack of wool will stop a bullet much more efieotualiy 
than a piate of iron, from its deadening^ as it is populaf I7 tmned, Ihe fiiioe of 
HbB blow. 

MOia ekMtio substance, as ivory or »txi ^ 
be suspended by threads, as abb, 
from the bar Lit, and one of them, as 
X, be raised into the position k, and al- 
lowed to fall, it Will strike against B 
Willi a momentum proportioned to its 
vekxdty (71), wilboat, liowa¥ar,iiioving 
ia aoy olivioas iiiaim«r tins, or dia in- 
taraiectiate balli. But a, the last ball in 
the series, will start into motion, and, 
all opposing forces boing removed, rise 
to an elevation h, equal to that of k. so 
tliat the angles kla and omu will be 
equal. The ball a will dm fiUl and 
Bttika Vt and ▲ will again be alavated, 
and Booo, the tenainai balls eomnmiag 
^tas alternate vibrating movement as 
perfectly if the intermediate balls were absent, until, from friction and other 
causes, they cease to move. This emious phenomenon arises from the nearly 
perfect elasticity of the balls, for when a strikes B, the latter becomes com- 
pressed (17), and almost instantly recovering its £>rmer figure, reacts on c; 
this andergoei a ehaoge ia its tern, and reacts on a, antil ^e last ball a 
is acted on, which, Imving no one to oppose, obeys tlM fiMoe and sapaiatsa 
from the tett^ forming a determinate angle eXB. 

If a number of ivory balls, instead nf being suspended, be placed on a table, 
so that their centres lie in the snme right line; nnd one of them a, being se» 
paratod from the rest, be propel led towards a widi a certain degree of force, 
the terminal ball g will move off with a corresponding degree of momentuiu 
(all opposing focces apart) ; and gains the'situatioa a» die intefniediate sphena 
bttng anaflfooted, ezoept in tlie impeiaeptible manner jost deseribed. 

77. We have already learnt that the oonstitnent atoms of bodies aia natu- 
rally in a state of equilibrium. Tliis state can be by means of an applied 
force disturbed; and if the disturbing force be not so intense as to produce 
disrn])tion, the atoms s(X)n recover their natural position. This restoration of 
equilibrium does not, however, occur at once and suddenly, but by a series of 
altsmatiag movements, by which the atoms are approximated and separated 
>epealedly, antil at length they attain a state of vest in dieir normal poridoa* 
Suoh motioas are of high inipMianoe, and are known by die names of vibia- 
tions, waves, undulations, or oscillations, aoooiding to the partjoalar oivoant* 
stances under which they are produced. 

The eltecta of those molecular xnorsments axe readily observed hf fisiog 
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tm elastic piece of steel to a snpport at one end, leaving the Fig. 43. 
other ijree. The rod shown at rest is perfectly verticil ; on ap- 
plying force to draw it on one side, and then removing the 
Iwnd, it will fly back, not to iti original leediiiiear poiiitMm, but 
will go befond this considerably, becoming ourred in the op- 
posite direction; tbeBe series of vibrc^wmeach decrming in mig<> 
nitude, as shown by the dotted curves in the figure, will con* 
tinue for some time, and at length they will rpnse, and the rod 
onc» more be I ell in its original vertical position, A little re- 
flection will show that, during tliese series of movements, the 
ooDidtiieiit Mm» of the rod most hxwe been alternately sepa- 
taled and appfoxunated, aeoordiDg as one or other of the Bides of the sieel 
became convex or concaTO (13)* 

78. Vibratory motion may be successively communicated to every part of ft 
hody. or be participated in by pvory part :u once. To illustrate the former 
of these conditions, tix ono end of a rope to a support b, grasping the other 
eod in the hand^ oa giving it a sharp jeric, ilie end nearest the hand will 

Fig. 44 

• j — 

assume the curve shown by tlie dotted line ic. On carefully watching the 
rope, this curved motion will be olMcrveii to be propagated through its wiiole 
length up to B, as shown in the Ibllowing figures. 

Fig. 45. 





"79. As soon as the vibration or wave rcni-hrs the fixed nnd of the ropp, it 
is reflected bark to a, so as to reach it in the ojjposito phase to that in which 
ii If ft it, as shown bciow, in which the entire line intiicutes the course of the 
primary vibration propagated from ▲ to b, and the dotted lines the reflected 
viliiatkMi from a to a. These motiORs ultimately cease ftom the influenoes 

Fig. 46. 




of opposing oanses, and the rope obtains a state of rest On lool^ing intently 
en a lope thus moving, it is almost difficult to believe that the particles of the 
rope do not really movs from one end to the other. A moment s rellectiori 
shows this to be impossible, and teaches us that this optical delusion (lur suuU 
u lis) IS merely owing to a propagation of motion from one particle to asiother, 
each atom obtaining a stateof test «s SQOa as it has given np its motion to the 
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atom in adTanee of it, in a manner analogous to the propagation of modoe 
tbrough a series of electric bells (76). The particular kind of vibration illus- 
trated in the rope is termed progresttve^ because it is propagated from one end 
of the rope to the other, a couiiiderable portion of it being in a state of rest 
whilst part only is in motion. 

80. Vibrations are tenoned Uaikmary when every part of ib» hodf nmmnm 
motion at ibe same time, as wlien a lope is fixed at ab, and betng dmwii at 

• Fig. 47. 

■ 

its middle from the rectilinear posttkm, ultimately leoovers it, after perfivming 
a series of vibrations in whieh eveiy atom of tlie rope simnUaneoiis]/ paitiei- 

pates. 

81. One remarkable imiversal law governs all these movoments, that no 
matter what their magnitude, tliey are always isaclironous^ that is, perform 
their journey on either side of the normal position of the body in equal timesi 
In this they resemble Ihe movements of the pendnlum (104)^ the fbrae of ela^ 
ticity (17), however, governing the motions now under oonsiderationy whilst 
that of gravity (108) regulates those of the latter. 

82. In every complete vibration or entire wave, the li^wittg parts 
recognized: a, 6, the whole vibration or wave, > 



Fig. 48. 
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ahe theiengdi of Ae wave. 

a £ 6 tho phase of elevation of the 
h d c the phase of depression of the waveu 
€f the ]iei<^ht oftlie wave. 
g d the depth oi the wave. 



Some bodies will, in consequence of their natural elasticity, readily assume 
these motions ; others are made sufficiently elastio by artiflcuilly haidening 
them, as in the tempering of iron and steel ; or by tension, as by stretching 

cords and membrane, as in the strings of a harp or die head of a drum. 

83. When a body is made to assume a series of stationary vibrations (80), 
the points wheM P the phases of elevation and depression inter«=orr. nre always 
at rest Tiius ia tlie cord ab, which has been made to assume a series of 



Fig. 49. 
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Stationary vibrations, the parts marked n will be in a state of rest, and pieces 
Of paper resting upon them will be undisturbed^ whilst if placed on the in* 
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termecUate portkmj^ would be dixuwn immediately. Th^e points are 
odlad modal pomU, 'Wlm a plate It made to vibrate, these nodal points of 
tm alwajre exist, and may be eaalj detected (248). The ooooq;»taan of the 
eiisteiioe of audi joints in a j>late may be ilunlitated by assuming it to be 
made up of a aeriee of lineai partkni^ eacbpflMbKmini independent natioiiaiy 
vibrations. 

84. Elastic rods or wires may easily be made to vibrate, and when lffl^f4>irm 
iu structure, in equal times j the number of vibrations increase 

vilh the ditoiiuiehed length of &e rod, in such a manner as to Fig. 50. 
be pefffimned with a tapidLty Inyenefy as the tquafe of their 
length. Thii8| if a rod twelve Itk hes long perform three vi- 
brations in a eeoond, it will, if shortened to one-half, peribml 
twelve vibrations, aodif of but three inches in length, thir9*twe 

in the same time. 

85. Rodsi, when vibrating, do not perform their movements 
In the same plane, but in patlis corresponding to very complex 
oarvei. may be beantiful^ Seen by a eonttivanoe of 
Professor Wheatetone, made by fixing a silvered glass bead, Ay 
en the top of a steel wire, a. On making this wire vibrate, 
the curved path of its movements (238) will be visible by the 
motions of the little apot of light lefleeted iiom the suriue of 
tbe head. 

86. Vibrations axe performed eitiier transversely oi: iungitu- 
dinaUy widi regard to tlie aatis of ^ body. The fimner njr 
be illusirated by lUikig a wire ton proper Mipport aa, and diaiwing it at lis 
middle out of its straight positioD| the vibratiops shown by the dottsd lines aie 
twumu to ^e axia of the wire. 





Fix a weight n to one end of a properly-suspended piece of brass wire on, 
<»iled into a loose helix. If the weight be raised to c, anr} tlien nllowed to 
fall, it will advance and recede to and. irom a, the wire peribrmuig a series of 
longitudinal vibrations. 
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GravUalion, 87. Force of gravity, 88 — motwntofbodUt by, 89 — 94, Oppomg 
eoMMf, 95, 96.^ Batatafy moioemad ofhodUt^ 97— tOO. GMrmliiMar molMii, 
101, lOS. Pefu2it&im, 103. hodmmtm, 104— 106-<4nm(ft ^ 107— IIL 
Cen<^</aM»0iili9% lis. QHMnmptnMim^ 11^ 

87. Among the forces which are the most energetic in producing motion on 
tlie surface of our globe is the attraction of gravitation (38) \ this force, whilst 
aetLag on bodies under its inflnence, and approaching thie earth, is a unifiinnljr 
aoceleiating ibrce, becoming aa nnilbnnlT' retarding on bodies reoeding fiom 
die earth. So that a body acted upon hf it, paasea through difibrent portiooi 

of space in different times, and, wbHst approHching; the earth, wotiM each 
instant pass throiiijh a i^r eater space than that which it traversed in the pre* 
ceding instant of time. If a ball he let fall from the hand, it c-ari be readily 
caught during the first few inches of its path, but its veloci^ afterwards so 
rapidly incieaaei^ that it cannot be inoeioepted by the moat agile arm widioat 
difficulty. Even if tbe descending body ftU obtiquriy, still the same rapid 
inerease of velocity is penseived ; £is is well illustrated by the ialling of bodies 
down steep descents, or long inclined planes j for the first few yards the mass 
appears to more slowly; rapidly, however, it increases in velocity, and, as 
well illustrated by the fall of a granite bl(X:k from an alpine ridge of rock, or 
of the more terrihc avalanche acted U}>oii by the increasing intensi^ of gniTi- 
tation, it acquires such a momentum (71) as to enable it tO ovezoome the rd> 
aislanoe of almost any obstacle it encounters. 

88. A body left free to more, and acted upon directly by the force of gravi* 
tation, all opposing forces being excluded, will faU in the latitude of Green* 
wich at the rate of 16'0954 feet in a second of time, aeqniring by this motion 
a velocity of 32-1908 feet, or 386'2896 inches per second. This velocity, 
expressed in numbers, is termed the force of gravity. The space traversed by 
a fiilling body in a second, is hence very nearly equal to 16 feet 1 inch ; which 
is sufficiently ootreot ibr ordinary calculations, and to enable us to avoid ded- 
mals, whidi are veiy inoonvenienl^ unless we use loguithms to lessen the 
number of figures. 

89. When a body sufficiently dense and compact to permit us to disregard 
the opposition of the medium traversed by it, is acted on by gravitation, it is 
found that the spaces de^^crihed by the falling body increase <u the tquarei of the 
times increase thus calling lOj'y ieet=^, we iind that in 

2 seconds 4)— Is 3 /, in 2d second of time. 

3 : (3*= 9)— 4= 5/ in 3d ditta 

4 : (4^=16)—. 9= 7 f, in 4th ditta 

5 : (5^25)— 16= 9/ in 5th ditto. 

6 : (6»=36)— 25=:ll/,in6th duio. 

Thereibre in 1, 2, 3, 4, 5, &c. seconds, the spaces trnversed hf a Ihlling boi|f 

are equal to X odd numbers 3, 5, 7, 9, jcc., respectively. 

Thus, by knowing the time occupied by the falling of any dense body of 
small bulk, tlie space traversed by it can be readily calculated. Ji' a bullet 
ialling from a certam height reaches the earth in 3 seopnda^ we know that 
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in 1 secoud it traversed 16 fl. 1 in, 

— 2 aebradfl *• 161x3=48 3 



144 9; 

Mnaeqiientff the spooe tniT^ned by it, is equal to 144 feet 9 inches. This 
Bodnmilar quesdoos can be more feadily detaimmed bf dmim of the 
nmls tac nnUbrmly aooelMted motion. 




g being equal to 32-1998 feet (SS). 
As an example of this formnlaj suppose we wisb to know ihe space parsed 
Ull0U£^ by a body occupy 23 seconds in its descent, then by logarithms. 

]og.33*tt2*7S34d 
Jog. g B 1.50773 

4-23119 
log. 2 a *30103 



3-93016 

whleh is the logarithm of 8514-6 feet, the space traversed in 23" by the body. 

90. A still simpler ibnniilamay be adopted, and the caksnlations moie sesily 
oftelod, by squaring the time in which, the falling body passes thioiigh Any 

space, and multiplying this product by the space passed through in n second 

of time. This formula expressed algebraically, callini^ the space passed 
through in a second or IQ^^^ fl. = /, is ft"*; this, applied to the last question of 
a boUy occupying 23 seconds in its descent, is 

23x23x529, and 629xl6-0954=8514-466G feetj 
or by logarithms, 

log. S3 x ^ ^ 72346 
log. fat 16.0994S1-20670 

3*93016 equal to 8514 6 feet ' 

Itt this manner the height of any lofty building or depth of a well or shaft 
n»y be deterininedj for by letting fall a pebble from the top of the one, or 
Wo the inoath of the other, and noting the number of seconds which elapse 
befi>re the sonnd of its striking the ground or water is bewrd; then— on sqoar- 
iog this number of seeonds, and multiplying the product by 16^ feel, or, more 
«ociitately,by 16*0954 feet, the height of the bDil lln^^ or distanoe of the water' 
from the moath of the well may be disooverecL This process is of course 
open to thn error arising from the time required for the sound produced by 
the pebble striking against the ground or water to r^ich the ear (116); and 
consequently the calculated length of the path of the pebble will be some- 
what greater than the truth. 

91. Also, knowing the time required for the All of any^body through a 
given space, we can readily discover the velocity ^Wth whidi it moves ; and 

knowing its velocity, we can of course ascertain the time required for its 
f^all through any given space. The following tliree formul^p will be sufficient 
to ansM'-cr every question connected with this subject; v bein^'^ t!ie velocity of 

falling Ijody, t the time of its descent, g the velocity acquired by the body 
*fter moving for a second of time, and t the space passed through in the lAiue 
t (88). • • • 
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92. When a body i& acted upon by some projectile force iudependemly of tha 
attraction of gravitaiioii, il^ motioii it aasnmaa ia a oon^poniid one, piodiicaed 
under the opmbiiMd inflneiioe of the projectile ibroe^ a momenlaxy one, and 
Ae graviiadTe force which is permanent If a bo^t instead of being acted 
Upon hf gravitation alone, be forcibly projected downwards witli a given velo- 
cily per eecond ; this is to be taken into account, and being expressed in feet, 
and multiplied by the number of seconds, tlie j^rrKluct is to be added to the 
space, also expressed in feet, which the body would have traversed in the 
same time, if acted upon by the force of gravitatkm akme. If, on the con- 
tiai7,lliebody be projected perpendicalariy upwards, in course being opposed 
to the attMBtion of grayitatioii» inatoad of being midtd^ the efleot of the latter ia 
to subtracted from the spaoe passed through bf th* piojectile, if acted 
upon by the force of projectioa only. The £)Uowiiig ezamplM will iUnstiata 
these remarks : 

(A.) To what height will a botly rise in 3 seconds ii projected upwards 
with a velocity of 1000 feet per second? 
The space denribed hf a Ibiee of projeodon only will be 100X3s900 
%Moe thKmgh which the body wonid fall if acted upon 
bf gisvitation alone duting thet time (89) mm. 144-75 



And the bei^rbt attained will be bat 155*26 feet. 
' (B.) Where wiii a body, projected perpendicularly upwards, with a volooity 
#f SO feet per seooDd» be in 6 aeeondaf 

"Sf fiMoe of ptojeoiion lionet 80X6 s 4fi0 

. . gravitation akme, 16-0994 X36 mm 679*4344, tad 480^79*4344^ 
—99-4344. 

The body will therefore be nearly 99'5 feet lower at the end of 6 seconds, 
til an the spot from whence it was first projected j psovidiilg no XDechaiiioai 
obstacle be present to prevent this taking place. 

(C.) What space will a body pass through in 4 seconds, if projected verti- 
callydowniiwds with a Telooity of 30 feet per Beoondf 

Then hy fotce of projection alone, 30x4 b 120 * 

. . gmvitaUon alopflb 16-0964X 16 « 267-6264 and 267-6364 + 120flB 

377-5264 feet. 

The body wiii oQosequently pass through lathei more thiui 377*6 feet in 
fc>ur seconds. ^ 

93. If a body be projected iu any other direction tlian vertically upwards 
or dowawaida, and oootequendy in a oourae oblique to that of gravitation, it 
will not follow the exact directkxi of either of these foreea, but will take m 
resultant course proportioned to both the focoes (63). This lesult can never 
be a right line, as it will vary every instant <m account of the unequal intena* 
ity of the eartfi's attraction at diflerent distances, consequently the path de» 
scriljed by the I xxly will be the curve called tlie paralwla. If a body be pro- 
j^ted exactly iiorizontally, it will describe half a pnrdbola, its vertex exactly 
corresponding to the point of projection. The position of this vertex varying 
locordiag to the dtce^ion of projection fkom a hoomtal line. 

When bodies move with considerable reloeities throogb the air, the redsl* 
ance of this mediara interferes in an astonishing manner with the regularity 
of the parabolic path, which would otiu rwise be described by the projectile. 
T*hus a 24-pound shni discharged at an elevntion of 45° with a velocity of 
2,000 feet per second, would in vacuo reach the horizontal distance of 125^000 
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feet, but tbe resistance of the air limits its mage to 7,3601^ Tbns let 
a body placed at a be projected in the direction ah. Draw ib perpendicular 
to the ht irizon; then let ak be tlte space over which the velrx'iTy of projection 
wiii carry the body in a given space of time, and ab the distance it woukl 
ttavene in the same time when acted upon by gmviLatioa alone; now draw 
■e pmlJel to mm, and so to ab oompletiag tho pmllekgmiii (63). Then, 
m ooaaequence of the opposed action of tiiese 
two fi}ioea» the body will be found at the end of Vi^ 9ft. 

the given time at c instead of i, havinj^: described 
the parabolic cirrve ac, whicli i? the resultant of 
the two forces (61) of prujecLion ae and of gra- 
vitation AB. The line representing the di- 
nctiim in wliidi the fiNNse of projeolioa alone 
would bare canted the bod^, 18 a ttmgent to 
Ibis paiaboliD cnra^ being paiallel to the ontt- 
■ate BO. 

A bullet projected from a ^in, a ball from the 
hand, tbe st<jne irom a sling, the arrow from a 
bow, &c., all describe parabolic curves when 
projected under ^a oonditioBS already referred 
US being ultiniaiil/ bwught to the gKwuid by the 
all-powerfa] ibieeof gravitation. 

94. If a body, instead of raOTiDg fteely, be made to loU down an indined 
plane, free from friction, the same Inws of acceleration of motion are observed 
with re^rnrd to the vertical distaiieo pnsserl through, as with bodies liailing 
perpendicularly: the velocity acquired in faiiinf^ down the length, ABi of an 
iiK^lined plane la equal to ibe veiodty it would aajuire 

by felling down Si» perpendicular height, aO. The Hg. S3w 

veloei^ aeqaiied m ftUing down the whole lenglh, 
▲B, Tttries as the aqdaia looi of die peypendknitar 
height, AC (132). 

95. In all these ob^iervationf!, tbe resistance of the 
medium in which the body under consideration moves, 
as well as the interference produced by friction, have 
been neglected; they furnish, however, very important sources of opposition 
to the regularity of motion, C^Um paribut, die denier the medimu, the 
gieater the opposition to the pai i ag e of the body moving tfaroui^ it; and in 
tbe aame medium die tenstanoe opposed to the movement of tbe body, it 
proportioned to the sqnarc of its velocity. It has been demonstrated by Sir 
Isaac Newton, that, when a spherical !x>f1y nii>ves in n rnedhim at rest, of 
equal density to itself, jt loses half its motion before it has described a spaco 
equal in length to twice its diameter. This resistance is a consequence of the 
molecular inertia of the medium, preventing tbe particteB opposed to the mov- 
ing body acquiring instantaneoittly a degree of movement eorreti^nding to 
tlmt of the body. The atmospheric resistance (42) is sufficient to prevent 
projectiles (93) describing a strictly accurate parabolic curve, as required by 
the theoretical considerations, and limits the path of the moving body to a 
remarkable dcfrree, Aeeor iiiig to V'ega, it appears that a cannon-ball weigh* 
ing ioui pounds, and which in vacuo would traverse 23,220 feet, will, when 
I>assiug through the air, travel through but 6,437 feet. 

96. In all cases in whioh one body moves on the sur&ce of another, a con- 
sidetalile resistance is generated loits liee motion, and to this the tenafrietian 
is applied. This lesistanee is diminished by making the points of contact of 
tbe two bodies as small as possible, by carefully smoothing their snrfaces, or 
fcgr the nsa of some unguent or greasy matter. As a rule, the amount of re- 
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Fig. 54. 




fVom friction is generaltjr proportiopal to the pressiife exerted upon 
the moving Ixxly. Thus, n flat piece of cast iron, having a surface of 44 square 
inches, was placed upon a larger picro, and so loaded as to weigh 24 jwunds, 
A force of 51 ounces being applied, was found josl sufficient to cause it to 
slide on the suri'ace of the larger piece ; the weight being increased to 48 
poundi} a fisvoe of 104 omooes was leqnired to more the loaded pieoe of irao. 
The TCttdt of ejcperiment thus yety ali^^tljr difiered Uom the theotetioKl law, 
that friction is proportionate to the pressure. 

With equal surfaces and prcpsnre, friction increases in the direct ratioof the 
extent of surface, and the rougher the surfaces the greater the friction. Mr. 
Babbage found that a rough block of stone weighing lOBO pounds, required & 
foice of 758 pounds i9 more it on the foxftoe of the rook flom whksfa It was 
hewn. Plaoed on a wooden atedge on a wooden floor, a ibrce of 606 pounds 
salBeient to draw it along. When the floor and bottom of the sledge 
with taUoWy a force of 182 pounds was sufficient, and lastly, 
when allowed to rest on wnodrn rollers three 
inclip? in diameter, it could be easily moved by 
a lorce uf only 28 pounds. 

97, If a apherioal body ab, reoeiTe aa in* 
pulae.in the direction of a line nes, paaalng 
throogh its centre of gravity (46) c, all its 
parts will move wiili equal velocity in a straight 
line. But if the Ibrce applied doe? not act on 
the centre of gravity, the particles ot the l><>!y 
will possess unequal velocities, and the wiioie 
' tnaaa will require a revolving or nMatory motion, 

at the aame time that it moves onwai^ nmdcr 
the infhienoe of the applied force. Thus, the earth is a body 
which revolves on its own axis, nt the same tiirje that it moves 
thrmip^h ?pace; and if this TTiotion has been acrjuired from a 
single iini)ii1?p. it must have been exerted upon a point situated 
about 25 miles from its geometric centre. 

98. Almoat all moving bodiea pretent this peculiar rotatoi]r 
motion whilat paaaing thfongh tlie air, on aoooont of the foioe 
scting upon (hem having been exerted on some point excentric 
to xhcir centres of gravity, Whero the boflies are not ?^pherical, 
they always rotate round their shortest axis. This may be illn-^- 
trated by suspending a metallic ring o to a thread B. If ihi^. be 
rapidly rotated by twisting the thread between the fingers, the 
little qralem will tend to folate mund theafaovtest poaaibia aiia; 
to efiect whioh the ring d alters the direction of ita motioin and 
attaina that ahown hy ^e dotted curve c, the diameter of which 

is at r)0u angles to the poeition of the string 
'^'hich support? it. 

99. If the \xxiy be of sufficiently regular 
form, and propelled along the ground, it xe- 
volvea round ita horisontal axia, even if the 
applied fince has acted directly upon ita can* 
tre of gravity (91)* 

Let the ball Al>GB be prnjVrted along the 
plane BF, with a certain (le:i;re( of force ap- 
plied in the direction of a line ])a?*8ing ihroiitrh 
the centre of gravity c. This force will act 
equally on eveij moleoole of the faall« hot the 
fiictioB againat the pfameat a wiU ptsrattiit 



Fig.5&. 
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moviog with faoilitjr, whilst the opporite point d, being ftee fixxn this oppos- 
ing force (95), will tend to move on with all die fcaase wtaeh pvojoetod the 

ball. As J) cannot separate from B, it may be supposed to posseii, ftx an in- 
stant only, a degree of velocity greater (because unoi){>ose(l) than B. Draw 
DC perpendicular to b, to represent tlie force of friction at b, and sx parallel 
to BV,to vepraMDt the direetien of die ibibe of projection, complete the panl- ^ 
lelognun (i^) hy drawing xe and oe pamllel leepectively to no, Di, and dmw 
the diagonal ne, which will be the rwhant line of direolioii. Aoooodiagly^ 
the point I) will pa«s down to o, causing the ball to revolve one quarter of 
the circle' another {jortion a WMnin;,^ to i>, the same State of things OOCUrS^ pxO* 
ducing the rapid roiaiioa of tlio bsxii round its horizontal axis. 

100, If the body be so situated as fo bKW9 oi^buy or oohestve attnolioii 
(92, 34), ac^ng as the opposing ibroe, roiatioa loand a vertieal axis tdces 
plaoe^ providing the body be of ooiiYenieDt ibrm. Thia is shown by pladng 
a wateh-glass, or plano-oonvex lens, 

on a smooth inclined plane, as a pane Fig, 57. 

of glassy having previously dipped 
the ooiiTeziiy pf the watcb-glass in 
'watai; Thus ananged, the glass, on 
sliding down the plane, will rapidly 
revolve round a vertical axis; where- 
as, if the plane and glass be perfectly 
dry, it will sixde down and reach tiie 
bottom of the inclined plane widKNtt levolTing. This lotating motion is ex- 
plained by the adhesaon piodaoed by the drop of water oansing the potion of 
the wateh-glass immediately below its centre to approach close to the plate. 
The centre of gravity of the watch-glas? becomes slightly elevnted, and for 
the want of support must fail (48), and Urns commences the rotaijon ^v^iK•h 
continues from the same cause until the moving body reaches the bottom of 
the inclined plane* 

101. When a body unopposed by fUodoii, or resislanoe of die air, desoends 
wl series of saper-posed inclined planes, the Telocity acqtiired by it is equal to 
that which would be acquired in falling throogh the Tartieai height of the 
series, as m the case of a single piano (94). 

Let ABC represent the planes, and let c and u be produced until they meet 
AX in e, a. The velocity acquired by a body 
ftUing ftom a to a is equal to that whieh it 
would acquire in falling fiom • to a, for the 
planes ab gb have the same perpendicular 
height; aad when this is the case with any 
two planes, the velocities acquired in bailing 
down their whole lengths are e^ial (94). 
Hie body having leaohed m will de scend no 
with the same Telodqr, whether it fall down 
AB or B6; then the velocity acquired at c 
will be the same, wiicther the body fall 
down OBC or xc; and tinaily, it will pass ja 
down to D with the same Telocity aa if it 

had rolled diioot^ fcom a. The same teasoning will apply to bodies fldling 
down curves, Ibr thair flgnres may be eonsidered as made np of an infinite 

gcrio;-! of planes. 

JU2. All bodies free from obsincles will have their motion as much accele- 
rated whilst descending, as retarded whilst ascending, a curve. Let cab (Eg. 
69) be a curve, and a ball be placed at c, the attnotion c£ gmTitatioQ will oaose 
jttodaioendfOA} in this motiDD it wiU aaqniia a ^ bm"^^ 



Fig; 58. 
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saffieient to cany it onwards to gravitation w91 
once more pull it down to a, and the momentum 
thus generated will carry it on^vard3 to c; it will 
again fall to and so on, o&ciUating from c to b, 
nntil opposing oaiiaes bring it to a bIMb of rest. 
TUd wbote tune of aseent to b or o wiH be «qinl 
to the time of deaoent to a» as the velocities at aqnal altitndes ate a^oaL 

103. For the purpose of cnnsing the body to move in a curved path vrith 
as little friction as possible, it may be fixed to a suspended wire nr string:, and 
then permitted to oscillate; an instrument thus constructed js termed a pevdu' 
hm. This, theoretically considered, consistb of a bail suspended to a liiread, 
auMBied upon by any opposing or xesiBtmg IbiceB. If ball c (fig. 60) be 
]aiMd«>A,aodaUoiw6d to&UfkpasaeB throngli o to a in the omaiier already 
denoribed ; the whole movement of the ball fiooi a to b, or b to is termed 
on oiciaBtion; fiom ▲ to C| its movement it termed the deeeending, and Stomt 



Fig. 60. 



Fig. 61. 





c to B its ascending, si mi-oscillalioru The distance au, measured in degree*, m 
termed the amplUude of an oscillation ; and the duraitonoi an oscillaiioti is the 
time required to efiect this movement finn ▲ to b, and vice veisIL The 
^th daaotibed fa|r the aieiUalte of a peadalmn ie die aeoenaisrooiieeqiaeoee 
of gravitation, and explicable on the doctrine of lesolution of foroet (66). Far 
let the pendulum ab (fig. 61) be elevated to c, and then left free to move, it 
will be acted upon by the force of g;mvitation, and, describinj? the curve cB| 
reach b ; this lino may be considered as tiie resultant of two foio^one acting 
in the direction cd, and the other in the direction bd. 

104. The dantioa of an oseiUatioa is mdependentof ks aaipUtnda; aid 
upon this depends the isochionoas p r op ert y of the peadulami ktt the saasa 
time is required in a pendulum of givaa length to oscillate through 01^ as 
through 10°, nlthnnj^h the amplitude of oscillRtion in the latter is 100 times 
greater thau iliat m the Ibrriier. This lact flepends upon the ball, in falling 
through 10 degrees, acquiring a considerable momentum, and, consequently, 
moving with greater velocity than if it had traversed a Jess number of de- 
gfoes, is thus enabled to tmverte a longer path in a compaiativalj afaBitir 
time. The oscillations of the pendulum are^ however, only isochroootts wbes 
the curve in which they move is a cycloid, a curve generated by the loi a tioa 
of a wheel on a plane surfnce. The base of the cycloid being eqim! to the 
circumference of the circle whose rotation generated the curves the area of 
which is always triple that of the generating circle. 

IW. The dnmtidn of osciUatiops does not depend upon the nature of the 
sahsamoe co m p o s i ng the pend«lam< and is always in die laiio of Aa 
roots of the lengdw of the thiaad or wire of the pendnlnm. Thns, if 
dahiai4tfagifaniengih perftm ana osoiiknion in a saDood, k taqoiM 
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the <;rjnnre of that length to perform an oscillation in doubly Wld tll6 iqilBfe 
root of tha length k> perlbrm it in half that time. 



The diimtkm of an oflcUlation 
being as the whofe nombers 


1 


Q 


3 


4 


5 


6 


7 


8 


9, &c. 


The length of the pendnlum 

will be as tlie S!|uares 


1 


4 


9 


iO 


25 


36 


49 


05 





106. If a pert<lnlnm be made to vibrate in ponsiflerablo arcs, an exception 
to the law oi isochroriism is observed, an adtlinoQ of a minute portion of time 
being required to complete oscillations of considerable amplitude, as com- 
pared to those of lesser arcs. This circumstance is explained by the iact that 
a body suspended to a string most Tibrate real]/ in arcs of a circle of uriiieh 
the centre is the point of support. As the curve surface of a cycloid and ctr> 
ele coimside exactly through only a very small arc, it follows that if Uie ball 
of the pendulum oscillates boyond ibe limits of this arc, it no longer moves in 
a cycloidal path, and its vibraiiuris \n<r- their strictly isochronous character. 
If we take unity for the time of an osciiiation through an iniinitely small arc, 
the excess of time req^nired to complete larger oscillations will be 

For an arc of 36^ 0 U 1675 
150, 000426 
10^ 0'00190 
6% 0<KX)13 
2«>, 000003 

107. As the movements of the pendulum depend upon gravitation, am] as 
this foroe decreases in intensity as we recede from the earth's centre, (45,) 
this instrument affinds a most valuable mode of deteiminiag the iniennly of 

gmvity, and, consequently, the distance of the surface of the earth from the 
centre, in different parts of the globe. This is done either by ascertaining the 
time required to complete an oscillation of a standard pendulum : or, the iengiix 
of a pcnduhim, requisite to complete an osciiiation in a given time. The 
length of a pendulum required to vibrate aecondB in the latitude of Green- 
wich is 30*1393 Inches, and, consequently, one requiring two seconds to com- 
plete 8 vibration, will measure 156*5572 inches^ or lather more than 13 feet, 
whilst one vibrating but half seconds, will measure but 9.784896 inches, or 
rather moro than 9| inches. 

108. The intensity of gravitation, or force of gravity, (88,) (expressed by 
the number of feet, showing the velocity acquired by a dense body alter fall- 
ing for an entire second,) in any part of the world, is ibund by multiplying, 

the length of the pendulum beating seconds, the number, expresdng th^ 
mtio of circumference to diameter, of a circle whose radius is 0 5 ; and divid- 
ing the product by the square of the duration of an oebillation« This calcula* 
tion is better expressed thus: 

/ = length of pendulum in inches; 

/ = time required for completing an osciiiutiori in seconds j 
w = the ratio of circumference to diameter, or 3*1415927 ; 
g sa the intensity of gravitation as above exphtined: 
then the Ibimnlse ibr the pendulum will be 

i^Ky/ — ' and consequently g sss 

g r 
As an example of the use of this formula, let tis suppose that the force of 
gravity, or velooi^ acquired by a body falling fireely during one seooad of taiaa 
in Eugiand, is required; then, by togarithms, 

8* 



» 
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2 56091 

correspondmo: to 38rr29 inches.or, more ncciiratel^v^. f^86-9894, as before stated 
(88.) Agaiii, suppose the same queBiiuii has to be (k termined with regard 
to Siena Leone; at this place Colonel Sabine has determined the value of Ij 
or length of pendulum beating seconds, to be 39*01954 inches, consequently, 

In- tt' = 0-99430' 
lug. i = lJUi28 



2*58558 

corresponding very nearly to 385- 10 inches, which will be the velocity ac- 
quired by a body falling freely during one aeoond, at ISerA Leone. 

109. These computations may be made still more readily by mnlfsp^iis 
the exact length of a pendulum vibrating seconds at any given place by the 
number 9*8696. Thus the force of gravity at Greenwich mny be calcuTated 
by multiplying the leii^tli of the «?e<:on(r« pendulum, or 39*139 by 9-869G =s 
386-289 inches. A pen iulum vibrating seconds must be a little more than 
one-hAh of an inch longer at the poles than at the equator. 

110. The foIJowing aie the vBsuItt of some measuiementi the seoondiP 
pendulum, at diffeient puts of die world: 



Pinoe. 


Latitude. 


Value of 4 

or length of 
pendulum. 


Observeia* 


Spitzbergen . . 


76° 49^ as" N. 
55<>58'4l" N. 
61« 81' 08" N. 

17° 5C'07"N. 

7° 6.y 4S'' s. 
SO 29^ 28" JN. 


39*21464 
39-15540 
3943908 

3903508 
39-02406 
39-01954 


Col. Saliine. 
Capt. Kater. 

JkK 

CoL Sabine. 
Bo. 




Jamaica • • . . 

Ascension . . . 
Siena Leone • . 



By observations and calculations of this kind, the flattening of tlie earth at 
the poles and bulging out at the equator, have been most accurately determined 
(69). . 

111. To determine the time required for a peutluhuii of any given length 
10 complete an oscillation in the latitude of London, it is only necessary to 
take the square root of the lengtli of the pendulum computed in feet, and U> 
multiply this result by the decimal 0.55372. Thus, if the pendulum were 
nine ieet in length, it would perform an oscillation in 1*06 seconds, for — 

v^X0.55872b1*66116. 

To ascertain the length of a peuduium which is required to perform a -vibra- 
tion in a given ttme^ in this country, we have only Ito multiply the square of 
the number of seconds by the nimiber 8 2616, and the product will be tha 
required length in ieet Thus, if it be Teqi|ired to discover what length a 
pendulum must possess lo beat double seconds* 
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Fig. 62. 



2^X3 2616=13-0404 feet. 

im. In the theoretical considerations and formulpe above mentioned, m^'o 
have considered uuiy liie aimple peiidulunn, or one whose wire is absoiuteiy 
widioot weight ; a ootiditiOD of ooone pbysicalljr imponible. Some alli^t 
reservation must, on this aooount, be made in applying to piatrtioe the fibni^ 
IsD of the pendolnm. If a pendnliim be suspended by means of a Imife- 
edge, and nnoppo'^ed hy the resistance of tho ntmosphcric air, it will CiOl^ 
tinue oscillating for several hours, describing' equal arcs in equal 
times, until it gradually comes to rest. As, however the wire sup- 
porting the ball is nerer destitute of weight, there are some oppos- 
ing caoaee to its completing an oscillatioa In a theoretically conect 
period, which must be noticed. If die pendulum ad be allowed to 
oscillate, and the wire be without weight, the duration of its oscil- 
lations will l>e consistent with theory; bnt as the ire is pondera- 
ble, every atom of it has a tendency to complete the oscillation in 
a less time than the molecule beneath it, for if the pendulum be 
onijr as long as ab or ag, it will of oomse completa its vibiatioiis in 
much leas time than if as long as ah. Acoordinglj, eveiy poition 
of wire will tend to complete its oaeillations in different times^ and 
these actions will, to a certain extent, oppose each other. At a 
certain point in the pendulum these actions will be mutually neu- 
tralized, and thi?? is termed the centre of osciliaiwn. This point can, 
practically, be brought very low itiio the ball oi the pendulum j and 
is eiboted hy makins ihB ball very heavy in comparison wifh the 
wire to which it is attadied. The leng& of a compound, or oidi> 
nary pendulum, is the distance from this centre to the point of saspension. 

1 13. The centre of oscillation i$ the same with tlie centre of percussion, or 
that j oint where all the percutient force ot a rod or bar is concentrated. This 
ditit inaienaliy irom die centre of gravity, for on striking anything with a 
stick at its middle poiut, it is well known that the whole force of the blow 
will be much less than if the body be stmck with tbat poition of the stick 
which is farther from the hand. 

114. As all bodies are acted upon by changes of temperature, so that their 
length becomes altered, it is of extreme imporfftiu e to have a pendulum con- 
strnctcd in such a manner, as to be unatlected by such changes. Several 
modes have been proposed to effect so desirable an object ; 

none, how ever, are more effecttial than the well-known grid- 
iron, OK compensating pendulum, composed of two or more 
metals, so arranged that the expansion of the one counter* 
balances that of tlie other. In the simplest possible form, this 
contrivance consists of a parallelogram of steel, Aucn, fixed to 
the rod f.. hy w!)ieh the whole pendulum is suspended. The 
copper ruti fo, bent twice at right angles, is fixed by its lower 
ends to the transverse piece cc, and from the upper part of 
ye, the rod supporting the ball of the pendulum is affixed. It 
is obvious, that as copper dilates much more than steel by 
equal elevations of temperature, in the proportion of 1 00191880 
to 1-00118980, if the size of tlie steel and copper bar be pro- 
perly adjusted, any elevation of temperature which, by ex- 
panding the steel bar, would increase the length of the pendu- 
lum, will be completely counteracted, by the expansion of the 
copper bar in the opposite direction. The importance of an ar« 
rsngement of this kind is sufficiently obvious, as an alteration 
of 30** of temperature, by affecting tlic length of a pendulum, 
would introduce an error of 8 seconds in 24 hours. In all 
observations with pendulums requiring great accuracy, the 
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Istanl attraction of mountains and elevated buildings (40), as opposing the 
attraction of the earth, must be carefully borne in mind, otherwise ernots 
.of great importance wiU be introduced into our calculationB. 



CEAFfER Y. 
m m xBCHAvioAs rowxu, or nwrn jucanru. 

Mxrhange of Tim^ for Power, 115. Cenlrc of ParaJM Forces, 116. Theory of 
Jjnier and Balance, 117. Weighing wUh Faiae Balances, 119. Movienlum of 
Jjung jimu of Levers in Actum, 120. jlrchifnedes^ Probletn, 121. Kinds of 
Lnm, 122, OmdUhnt of EguilMim in ^ tever^ 12^, WMamdJtek^ 
126. PvXky^ 127. Compownd, or Systems of Putteys, 129. wlfigu/orDiscf^- 
ence of Cords of Pulleys, 131. Inclined Plane, 132. Theory of, 133. Srrnr, 
1 34 Wedge, 1 35, 1 IH. Zocn tn tht JmnuU Strwtumt 138, 139. PmUegt 
in, 140. Wedgetin^ 141, 

115. Tst mechanical powert fiiniish the most ^mple instromeata thateaa 
be employed fi>r the purpose of raising or supporting weights, or eommuni- 
cating motion to bodies; and all machines, complicated as theyave, with 

which the ingenuity of man has furnished us, are nothin": more than corabi- 
nations of these simple powers. By means of these simple machines, it must 
not be supposed that we beget or increase force; all that we do, is to apply 
force in a convenient and eoonomio manner. Thus, if a man oould raise to 
a certain height 200 pounds in one minute^ with the utmost exertkm of his 
strength, no power could enable him to ndse 2,000 in the same space of 
time. If leil to elevate the mass by his own unaided strength, he would be 
obliged to divide the mass into ten different portions, and raise each separately, 
whereas, by means of one of the Mm])le machines, he will be enable<l to 
raise the entire mass at once, requiring, however, for tlie performance of the 
task, ten times the number of minutes in which he raised the 200 pounds. 

Thus it is, tn lumnc, obvious that we exchange time ibr power in using 
simple machines; and this is true with all the varieties of apparatus to which 
that term has been applied. The simple machines may be divided into three 
species: 

1. The lever, 

2. The pulley, 

3. The inclined plane ; 

the theoretical properties and peculiarities of which, with their chief Siodifi* 
cations, we shall now briefly describe. 

1. THE uvita. 

116. The lever, theoretirnlly considorod, is nn inHexible ro<I, destitute of 
weight, perfectly straight, and moving without frictiou un a fulcrum or support, 
corresponding to the centre of motion. 

Referring to what has been already stated with regaid to the centre of 
parallel forces (46), we find that, whenever a series of ibrces, perfectly pa> 
rallel in direction, act upon a mass, they may be replaced by one ftwce, which 
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may be considered as their centre, or resultant. The i^Uowing are the chief 
properties of this mntiant a. It is equal to the Mm of the Jbioes if thegr 
Bie mil exerted in one direotion, and to their diffspenoe if exerted in opposite 
directions, b. It is parallel to the foanes of which it is the resniteul, It 

is placed at a certain point a, in snob a manner timt the distances bc, oa, Rro 
in the inverse latio of the forces cs and ax, which axe supposed to be aoting 



Pig. 64. 





on the extremities AC of the bar Aac. This point remains the same when 
the forces change their absolute (j^jfections, provitijiig they remain priTallel j 
ibr ii the above forces act in the direction cif, am, instead of en, ab, liie cen- 
tre will still be o, because they have not changed their intensity, and their 
power is in the inyeise latio of ec« oa* 




117. Let the hiieiible her ax be bahtnced on a ftiloram xt its oenh« of 
Siavitjr, it will, of eoXrse, remain tx perfect equilibriuau Suspend from the 

end A a weight w ; immediately this mass is added, the centre of gravity wiir 
no longer be over the fulcriim hut nearer the end a, and this point, bein« un- 
supported, win be drawn down by the attraction ot the earth, consequentiy 
equilibrium will be destroyed. Then suspend Ircnn the end a a similar 
wdght p; the centre o€ gravity of the whole, as lha bar and the wei^t nay 
be oonaideied as Ibntiing one mats, will be onoe mm over tha ihleimn, and 
the whole will be supported in equiiibrio. If, instead of x beiag equal to w, 
it be one-fourth less, then the centre of gravity will be no longer over the ful- 
crum, lut nearer a, as at c, ;ind the gravitative attraction of the earth drawing 
this pomt down, will cause w to prejxniderate ; nor can the state of equili- 
brium be obtained, unless weights be added to p, until it becomes equal to 
w. This §atm of lever is evidently nothing more than the ordinary balance ; 
and we find that when the weights rw are equal, die l«ogdi cf the lever on 
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both sides of r mubt be equaL These portions 7A vb are termed the arms 
4>f die lever. 

118. If the weights »w xemain equal, but the position of the fldcrum ie 
duinged to r, then equilibrium will no longer occur, for the arm fb will pre* 

ponderate ; this necessarily oocurs, for the centre of gravity c, being no longer 
.fiupported, the ibrce of gravitatioa 4iaw8 it towards the earth. But let ±m be 

Pjg.66. 




f^raduated into four equal portions, ap, fc, ce, ib, and let the point t he sup* 
ported: it is obvious that things remaining as they were, a state of equilibnum 
can only be obtained by throwing the centre of gravity over the pouit ul support, 
or falerum. This may be effected by diminishing the weight p j and if this 
be done gradually, the centre of gnviiy wiU be found to appioacli toweids v 
in pioportkm us we diminish v; and when this is equal to one third of w, the 
centre of gravity will be exactly over the fulcrum, and equilibrium obtained. 
Now, as p is equal to 1, and w equal to 3, whilst tlie nrm to which p is at- 
tache(i, 19 thrice ns long as that to which w is puspendeH, we deduce tlie 
general law that the power p and weight w are always in equilibno^ when theif art 
io muhalhirin tkt ituem rath oftht ormMofthg iraer, to icAidb thejf or* ottedML 
Consequently, any weights will keep each other In equilibrio, on the arms of 
a straight lever, when the products arising from multiplying each weight by 
its distance from the fulcrum, are equal on each side of the fulcrtim ; nn ^ as 
in thf above example, p,= 1 and w = 3; wliilst ap = 1 and fb = 3, it 
foliows that (w X Ap) == (p X fb) and both hein^^^ equal to 3, equilibrium 
necessarily results. Of the lever with unequal anus, the common steelyard, 
used fbr weighing heavy weights, is a good examptei 

119. As a smaller weii^t is made to counterbalance a greetw', by leog^* 
ening one of the arms of the lever when arranged as a balance, it itoquenUy 
tempts the dishonest vender to thus alter his scales, to cheat die unsuspicious 
buyt r • of course this is readily detected, by weighing the substance to be 
purchased first in one scale-pan, and then in the other. If the balance be 
correct, it will weigh the same in both ; but if iruxirrect, its apparent weight 
will be diflecent in each scale pan* To determine the true weight of a sol^ 
stance with such a balance^ weigh it first in one scal^pan, then in the other; 
multiply these two weights together, and take the square root of the piodoct 
Thus if a substance weighed 253 pounds in one scale and 251 in the other, 

^HT><203 = 252 pounds, tlie true weight. 

Another process for weighini^ accnrately with a false Ijalance has been 
devised by Bortia, which, indeed, funii-lies us with tlie most accurate mode 
of ascertaining the exact weight of any substance, even with a good balance. 
For this purpose, aoouiatelf oounierbaiance the body to be weighed bf meuiis 
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of any heavy substance, as fine leaden shot or sand. Then remove the Ix)tly 
and replace it by weights caiciuUy introduced into the scale-pan, until the 
abot Of sand be ootmtorb>huieed,and the equilibrinmiesloced. These weights 
'will give the true weight of the body fiee ihim moj enon atiiiiig from Imper* 

ibctions in tJie balance. 

150. In the lever with nnerjn^^l arm?, it is obvion*! that the velocity with 
which its extremities move is very diilerent Let ihe line afc repieseiU a 
lever, turning on tiie fulcrum al m as on a centre, and suppose a weight 
to be attached to the end c» and a Ibice applied to a tofficaent to more it. 



Fig. 67. 




Then, while the end e describes the aio nca, the finee applied will pass 

through the arc sag, the length of each arc being in the inverse latio of the 

force applied to each, and in the direct ratio of the arms of thp lever. We see^ 
also, that a small weight attached to a, and passing through the space ba©, 
"wiU, by its velocity, generate a degree of momentum (71) sufficient to over- 
CQOM die resistance aflbrded by a much heavier weight attached to c, mov* 
iag, as the latter neeessarily must, with less vekxdij. For, as ftom the oon- 
ditkms of this lever, the aios as most be described in equal tiroes, and 
as Eo is much larger than »b, it follows that the end a must move with as 
much grenter velocity than c as the arc£Q is larger than db. As the moment- 
um of a body is equal to its quantity of matter, multiplied by its velocity or 
quantity of motion, we learn that equilibriimi must occur in a lever, when 
the weights at either end,nniltip]ied by the Telocities with whiph they move, 
are equal to each other. From this reasoning, we also become convinced of 
the truth of the statement we set out with, that the application of the me- 
chanical powers is an exchange of time for power (115). 

121. The tlitterence in ilie velocity of the unequal arms of a lever, and con- 
sequently of the time required by the ends of each to traverse a given space, 
is well Ulostiated by the solution of the celebrated ease assumed by Archi- 
niedes of Syracuse. This philosopher, seeing the immense power capable of 
being exerted by a lever, declared that if he had a place to stand on, and 
wore provided with a sufficiently lony; lever, he would move the world If 
it be granted that he could exert a force of 30 pounds in pulling an arm of a 
lever through 10,000 feet per hour, he would, to raise the earth a single inch, 
haTe to cause the end of the long arm of a IcTsr to pass thxough an aie which 
would require the continued labor of 8,774,994,580,737 centuries to aocom* 
piish, supposing Archimedes worked for 8 or 10 hours per day. 

122. The lovers just (le?cribed have been termed levers of the first class, 
and are characterized by having the fulcrum at some point between ihe 
power applied, anU the resistance to be overcome. Those levers in which 
the fulcrum is applied at one end, and the resistance at an intermediate point, 
have been termed levers of the second class; whilst those in which the power 
is applied between the fulcrum and resistance, are placed in a third class. 
The only reai distinction that it is necessary to make, is between levels in 
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which the fulcrum is between the force applied and the resistance, and those 
in which the fulcrum is at one end. The proportion between the forces to 
produce equilibrimii is expressed in the same terms in Bmch case, the gieaft 
dilfeveiiee between tfaaiii beiag that, when the fbleniiii Is eeottat, as in A# 
leT«r already adverted to, the pressure upon it is equal to the fimiof llie iwoea 
applied, and to their difference, when the fulcrum is terminal. 

133. That miMliflcwtr?n o£ the lever in which the force is applied between 

the fulcrum and resistance, is not very fre- 
Flg. 68. quentl/ met wiih j indeed, on account of the 

meohanleal disadTSiitaga in whieh dia fixee 
is necessarily exerted, It is never used except 
to gain oonidderable velocity. If bpv repre- 
sent such a lever moving on a hinge as a 
fulcrum at f, and force be aj:>plied at p, it is 
obvious that whilst p moves through a small 
arc, R will describe a very large one } and 
bodiare perfbrmedin equal tliiies^ ^e Telo- 
city of die and m is oonsiderably greater than 
the end near r: The treddle of a lathe, and 
the common tongs, used to supply the fire 
with fuel, afford an example of this kind of 
lever; the sheep-shears, sugar-tongs, &c., are similar examples. 

124. Of the first described lever, in which the fulcrum is central, exam- 
ples are met with in the crow-bar, scisson, foiceps, pinoeia| aad In iim ovdi* 
nary poker, when it rpsts on the bar, in the act of stirring die flie, lea Of 
the second kind of lev«r, in whioil the fulcmni and power applied are Imk 
terminal, an oar will afford an example, the water being the fulcmm, the 
boat the resistance, and the hand of the rower the power. The chip- 
ping knife used by druggists, in which the end is fixed to a board, the com- 
mon nutcrackers, and the chaff"-cutter, are also instances of this kind of lever. 

In the following figures of the eiowtep, ehippiug-knife, and treddle of a 
lathe, afibrding examples of tihe three lbnn» of layer, the leUeiB nm i»» 
spectiTely point oat the position of the power, fulonini, wad resisianoe. 

Fig. 69. Fig. 70. 




1 25. Asa general statement of the necessary conditions ibr obtaining equi* 

librium with the lever, the followin;,' formtila. in which R = resistance to Ije 
moved, p = power applied, p = ihe arm to which r is aifixed, and r s tlutt 
connected with a, may be us^eful : 

9:M,: :r:pt and PXJi■B■Xl'(lifi)• 
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Fig»7L 



Simple levers are sometimes so combined, that instead of acting directly on 
the resistance, they act on a second lever, and this sometimes on a third, 
which then exerts ^eir oomUned efleot apoa the rasutaooe. Some Tarieties 
of cutting bone fiiioe|»aieooiisinieled in thkma^^ The patent wei^fing- 
machine is a combination of levels, arranged at ri^t angles to each other. 

126. The wheel and axle is a modification of the lever, in which consi- 
derable mechanical ad\-antages are gained. This machine consists of a cyl- 
inder B, termed the axle, turning on a centre, and connected with a larger 
circle of wood or other substance^ called 
tine wbeeL Sonietimeetliifisieplaoedlija 
spoke, as s, fixed into b, to the end of whidk 
the force is applied. The resistance to be 
overcome is fixed to one end of a rope 
wound round the small cylinder b, whilst 
the power is applied to Uie circuaiferenoe of 
JL, generallj hf means of a tape, f, acting in 
the direction of a tangent to A. Here the 
radius of the smaller circle or axle may be 
considered as corresponding to the short arm, 
and the radius of the larger or wheel, or the 
length of the spoke fixed into a, to die long- 
er aim of a straight lever. And aoooidinglj 
we find diat equilibrium is obtaioed when 
the power applied, is lo the resistance to be 
overcome, in the same ratio as the radius of 
the smaller cylinder, or axle, is to that of the 
larger, or wbeeL Calling the radios of the 
wImcI w, and that of the axle w, 

» X w = B X 

The winch, windlass, capstan, crane, afibrd examples of the practical ap- 
plication of this useful modification of lever. In the following figures repre- 
senting several varieties of the wheel and axle, the same letters of reference 
are used as in the diagtam last described. 




Fig. 72. Ilg. 78. Fig. 74. 




2. PUJLLST. 

197. The simplest form of pulley oouSsts meielj of a ring or graove in n 

beam, used only to change the direction of motion. As usually constructed, 
it is a small wheel movable about its centre, in the circumferenoe of which 
a groove is formed to admit a rope or fiexible cbcua. 
0 
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In Ui0 nngle Axed pnlley movable round its centre, r, no increaJBe of 

power is gained, but merely a convenient mode of applying forcf^. For if the 
perfectly flexible r^^pc- ab \)e passed over the pulley, equilibrium wiii oojur 
when the weights bf are equal ; both coutaining equal quantities of matter, 
wiU be equally acted on by gmvitatipii, wad be seoewuilj in equilibria 



Fii.7Sw 




Fig. 76. 



0 



(p 

0 



© 



128. If weiue a movable pulley we become enabled to raise a resistanoe 
f f 2 l>y a power of 1. Let the rope at be fastened to a solid beam at a, 
and passing under the groove of a movable pulley n, be brought over a fixed 
pulley X ; the only use of which is to render the application of force more 
convenient (127). Let a weii^t m be mtpeDded ihxn the oentral axis of the 
iDOfsble imllejr and a fiwoe of power f, applied at the end 
Fig. 77* of e; imder thes^ ciiansuMuicea m will obviously be rapport- 
^ ed equally by the power p and the beam A, which, reacting 

against liio power applied^ aids in keeping the weight ele- 
vated in the same ratio as r does, action and reaction bemg 
equal and contrary (61), and aoeonlingl]r n will be supported 
bj aibioe equal to one«half iti own weigbt Henoe m tiie 
single movable pulley, equilibrium is obtained wben the power 
is to the resistance as 1 to 2. In the pulley, as in the lever, 
time is lost as j)ower is gained, for a little reflection will show, 
that for a to be raided one inch, r must fall through two inches, 
aa die end oiAia immovable. 

129, Sometimes a pulley is compound, oonaigting of two 
portions termed blocks, each containing two or more single 
puHeys. In sTJch nn arrangement, each fold of gtrinj: sustains 
a share of the weight, ox xeaistancei and equilibrium will re- 
sult when 

p : B : : 1 : number of strings on the lower block. 

And in the pulley figured in the margin, the iblds of string in 
tba lower btoek being 4, a power of 1 will sustain a Jtosistance 

of 4. 

130. Instead of the string folded on the pulley beinc: entire, 

©it is sometimes divided into several portions, each pulley hang- 
ing by a separate string, one end of which is attached to a fixed 
beam. Here a great increase of power is gained, attended by 
a ooirespondingkiBs of ttme,as the power p must tnoTC muoh 
Aster tban b, and aoquin oooaldenailB moroentom, wluoh, indeed^ beoomes' 
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active Sn enatding it to put b in motiofi. In such a 
system, the gain of power may be determined by cal- 
culatinn^ that power of 2, whose index is the number ' 
of movable pulleys. 

p : a : : 1 : 2**. 
In the system of pulleys, figured in the luargin, 
there are three movable pulleys; now the tiiird 
power of 3 is 8, and aooordingty, with soch an arrange- 
ment| we cun, with a power of 1, counterbalance a 
resistance of 8. The fixed pnlley in this ^y^iem does 
not increase power, but merely affords a more conve- 
nient incxie of applying force (127). When the pul- 
leys are connected each to a sepaiaic btring, the ends 
of the Iflttter being attached, not to «. beam, as in the last case^lmt lollie ses&sl- 
ance to be oveioomfl^ aome mechanical loss is sustained, and eqnilibfinm is 
obtained^ wheii 

^ p:a::t:(2»» — 1) 
S being the power of two, whose index is the number of raovablf pulleys. 

131. In the preceding cases, the strings of the pulley or their fohls are sup- 
posed to be parallel J when this is not the case, aome alteration takes place in 
the oomlition of equilibiium. Taking the case of a single movable pulley, 
aqnilibriiim occurs, when the power is to the resist* 
anoe, as radius to twice the cosine of the angle, in 
whidi the weight acts. Let cm be tlie direotioo in 
which the weight or resistance r acts ; produce bd 
until it meets cr at e. Then, if bi bo takm to re- 
present the amount of power at jp j it may, by the 
resolution of fiffces (66), be supposed to be the re- 
sultant of two Ibioes, one acting in the direetioo cb, 
and effective in railing the weight a ; the other, cd, 
being oounteracted by an equal and opposite force 
arising from the tension of the string eg ; and as the 
two folds of the string oe, be are equally active in 
sustaining B, 2 ce will represent the whole weight 
sostained by the power r and 

V : B : : BB : 2 ea : : lad : 8 cos sbo. 
When tiie strings become parallel, the angle use 
vanishes, and its cosine becomes radius, then v : M 
: : 1 : 2, as already explained (127). 

The pulley lias been referred, with great justice, 
to the lever, of which indeed it may be considered 
as a modification ; the radii of the pulley represent- 
ing the arms of a lever, cm whidi, by means of the string, the power is made 
to act 

3. zvcLnrsn ruvs. 

132. The action of^this mechanical power depends upon the simple prin* 
ciple, tliflt a body free to move can be supported onlf by a force equal to its 

own weight, unless it can deposit a portion of 
this weight on a fixed obstacle, in which case 
it can be supported by a smaller force. 

An inclined plane consists of any 8ub:>iarxce 
sufficiently hard, inclined at a given angle. In 
every plane diree parts are distinguished, its 
heic^t AB, its length ac, and base bc. In out 
thfloietical considerations of its action, its sur* 




Fig. 80. 
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Fig. 81. 




free moil be msidered it abtolately hard and smooth, oooditiant to whieh'^ 
the best constructed instruments afibrd, of course, but distant approximationt. 

133. Siq>poae a solid body, abcd,to be placed upon an inclined plane, abd, 

so that it may slide down under the in- 
fluence of gravitation. To calculate the 
foloe veqniied 1o maio it on die plane, 
darar a perpendicular tiae, aa, ftom the 
centre of gravity (46) e, to represent the 
direction of the eartfi's attraction for it. 
By means of the parallelogram of forces 
(66), decompose this resultant into two 
fttoes OF, perpemBonlar to the plane bi, 

^ and 9b paiaUel to it. It is seen at onoe 
that the force er is entirely opposed bf 
the surface of the plane, and ob will represent the actual intensity of force 
acting on the body abed, and which is active in drawing it down the plane. 
Gmsequent^, the force necessary to retain the body on the plane, \vili bear 
Ae sama lafio to dia total w«(^ of the bodj, as die line Bb does to flie dia> 
gonal or, what oomas to sama tbtnA as the height of the indHned 
plane is to Ito length, beoanse the triangla eda ss triangle dba ; and using 
the letters referring to the last figure, equilibrium will be obtained on the 
inclined plane, when p : r : : dr : da: therefore the less tlie height of the 
plane, the greater the weight that can be sustained on it by a given power. 
Uere, as in the other mechanical powers, Telocity is lost as "powet is gained, 
Ar the Tenioal heff^t to which the body is raised 1^ means of tfie inclined 
plane, is equal only to tfie height of flie plane, or sine of the angle of inopna- 
tion. And, as in the preceding figure, da is considerably longer than db, it 
will, supposing the weight raised to pass over equal spaces in equal times, 
necessarily require a longer time to move it through the space da than db. 

134. If an inclined plane be supposed to be wound spirally 'Ground a cy- 
linder, in a manner sinailar to that in whioh ipiial paths are oanied round 



Fig. 82. 



Fig. 83. 





mountains to lessen the steepness of asoen^ we have a screu?, one of the most 
nsefiil modifications of a simple machine. The edge of the flexible ^wAiFwaii 
plane a, wound round the cylinder b, constitutes the tJu^ead of the screw, and 

projects to a certain distance beyond the cylinder on which it is supposed to 
be wound. To use the screw, a hollow spiral is carved in the inside of a 
block of wood or metal, termed the female screw ; this hollow spiral must be 
of sndi a sise as to admit the projecting thread of the first, or male screw. 
Thtts oonstmoted, the mala seiew is generally tamed by menns of a lever. 
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fixed into its head, thns, indeed, fonning a compound machine, the power of 
the lever being ncWeci to that of the simple screw. The power of the «4erew 
iucreases with the circumference of the cin le described by the lever jl to 
which the power is applied, and wiiU the diminution of the distance between 
two ooutigiioiD tfifeads of the soiew, measmed In a diieotlon parallel to the 
axisL Galling tliis diilanee n, and the circomference of tibe ctide deaerSbed 
bf the lever, %, equlUbriuin will be obtained, when 

135. When two inclined planes are placed with their bases approxinuited, 
as AB, we have a wedge; which is a triangular prism, contained by plane 
fignies, of wMeh two that are opposite 

ate equal, rimilar, and parallel, the Fig. 84. Fig. 85. 

ctiien being parallelograms * This ie 

occnsionally nsed as a mechanical power 
to lift heavy weights to small elevations, 
but is more generally used for the pur- 
pose of cleaving timber; the edge being 
iottodnoed into a cleft made to receive 
it and the wedge finoed in by repeated 
blows of a hammer upon its back. The 
gr^t advantage of the wedgo appears 
really to depend upon the percussion 
used to urge it into the mass of timber, &cc^ exciting vibrations between the 
paitieiefl of the solid, and thus permitting the edge to introduce itself between 
them. Certainly the direct action of a weight pressing upon the back of the 
wedge, can bear, no eomparisoii with the immenseljr greater effisct gained by 
percussion. 

136. Theoretically speaking, it has been supposed that the power gained 
by the wedge, bears the same proportion to the resistance to be overcome, as 
half its back does to its height. Thus, a wei|^t of 60 maf be laised hy a 
Ibrce of 20^ providing we use a wedge, the half of whose back shall bear 
sneh a proportion to its length as 20 does to 60, or 1 to 3. The only part of 
i^is theory whir-h really supported by practical observation is the fact, that 
the power of the wedge increa'^es, as its width or back duninishes. Many of 
our domestic instruments are inodilications of wedges j a saw is composed of 
a series of them, and knives, scissors, razors, are nothing more than fine 
sawsL Needles, pins> 8ta^ may be considered as acute wedges. 

137. In this outline of the properties of the mechanical powers, or simple 
machines, some important sources of resistance to their action has been omit- 
ted; because the consideration of them, as applied to their tlu ory, is rather a 
branch of practical mechanics, than of the elementary portions of physical 
science. Friction (95), the rigidity of cordage, and the inertia (18) of the 
several parts of the machine itself, are important objects of stndy to the me- 
chanic, as they oppose very important obstacles to the development of the 
full mechanical power of a machine, and prevent his obtaijiing such an 
amount of power as theoretical reasoning would lead him to anticipate. 

138. In that elaborate and wonderful part of the amnial economy, the mus- 
cular system, we have much to admire and wonder at, in the adaptation of 
power, to move the bony levers constituting the riceletoiu Here, where great 
power, rapidity of movement, and elegance of figure, are equally attended to, 
we find evidence of infinite wisdom in the a(la|)taiion of mechanical power, 
apparently the least advantageous, to the most important motor Ainctions of 
the body. In considering the mode in which extermon of the limbs, especially 

' * Ea«Ud, B. xi. Def. IS. ^ 
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of the upper extremities, is performed, we see a set of levers of tlie first kind 
(122); or those in which the power and resistance are at opposite ends, and 
the fulcrum intermediate, called into action, iu the Jiexion of the limbs, we 
have a let of beautiful examples of levert of the thud, or that kind. In wliich 
the mutaooe and faUsram aie terminal^ and the power intermediale (123). 
And in certain other muacidar efibrls, as raising die body on tipioe^ and de- 
pressing the lower jaw, we have examples of levers of the second denomina- 
tion, in which the resistance is intcfimediate between the fuicruiri and power. 

Althousii the insertion of the flexor muscles, causing the lunbs to act as 
levers oi the most di:^advantageous kind, might appear, at a superficial glance, 
to render the action of the Umbs less energetic; a moment^s reflectioii will 
show that bf the insertion of muscle near the (bksrum, we gain an inunenae 
increase of veloei^ at the other extremity of the lever (183), generating a 
degree of momentum infinitely more fitted for the purpose;' required by the 
movements of the limbs than if by their insertion furtlu r Irom the fulcrum, 
they had been so placed as to exerl their power to the greatest mechanical 
advantage. For this, at first sight, apparent advantage would have permitted 
ns to use our now agite Umbs with extreme slownessi with the additiopal 
disadvantage of unsightliness." - 

In the act of flexing the arm, for example, the fulcrum f is formed by the 
oondjles of the humerus at the elbow joint, the resistance is the weight, a, in 

Fig. 86. 



the band, and the power is applied at p by the cx^ntraction of the muscle at- 
tached to the radius. When this muscle (biceps flexor cubili) contracts, the 
band a describes a much longer curve in a given time (120, 123) than p, 
ther^Mre a great arooimt of velocity, and consequently a considerable mo- 
mentum (71) become generated. 

139. The following are some among many examples of levera in the human 
bodjr. 

A. Fidtrum between the Pmcer and ResiUance. 



powaa. 

■ 

Triceps extensor cubitii 

and anoonsms. 
MasoleiB arising from tu* 

l>ero«;iTie« nf ischia, 
uiid iii»L i t» I into the 
lower extremities. 



PULCaUM. 

Condyles of humerus^ 

« 

Heads of femora. 



KKSISTAKCS. 

Arm and hand, with any 
weight attached to 

them. 

Wei<?lit of the trunk, 
when flexed upon the 
thighs. 



6. FtUcrum tmrnnoL, Reti^ance wtermethate. 

Muscles connected vv iih The floor pressed by the Weightof the trunk pres- 
tendo achillis. toes. sing on ankle-joint 

Digastricas,andother'de- Articulation of the lower Action of the temporal 
pressors of the lower jaw. and masseter muselea. 

jaws. 
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Biceps flexor cofaiti and GondylfiB of hamerns. | Weiglitof amiflndiumd. 
brachialia.^ 

Deltoid. Glenoid omty of Imb- j Weight of the aan. 

pula. I 

140. Of compound pulleys we shoold acatceljr expect where all is dianuk 

terized by boautiful simplicity, to find any examples; of siinple pulleySi mere- 
ly to alter tlio direction of motion (127), we have a few instances. The 
atructure of the puliey-liko organ is always extremely simple, usually being 
merely a groove in the bone covered with cartilage, sometimes a bony hook, 
and in another ease a tendinoas ring. The tendon of Uie obtumtor inter* 
no8, which in paaaing cut of the pelvis, glides in a groove in the ischium, 
so as to alter its direction, afibrds an example of the first and simplest pulley 
in the human body: the hook'-like process through which thr> tendon of tlie 
circumUexn? palati glide.", po as to alter its direction to a right angle, illnstrales 
the second form of pulley ; and of the third, we have an example in the 
tendinous ring in the depres^on of the frontal bone, through which the tendon 
of1he obHquns superior muscle of the eye glidesi becoming theiebj bent to 
an acute angle. 

141. We have no instance of the oceurrencc of the inclined plane or its 
modifications in t!ie skeleton; the s^rum is certainly not an example of the 
wedge, notwithstandrng its figure. The only approach to a wedge in animal 
Structure which I am acquainted with, is the bony apparatus discovered by 
8ir Philip Egercon, in the neck of the ichthyosaurus, an extinct antediluvian 
reptile. Three wedge.like bones have been described by him as connected 
with the cervical vertebrtp, and fitting into spaces between them ; these wedges 
are supposed to have been withdrawn when the animal flexed the head upon 
the trunk, and to be introduced between bodies of the vertebrae when the head 
was raised : so as to diminish that vast muscular efibrt which would other- 
wise be required, to keep the enormous and disproportionate heads of these 
animals extended. 



NOTE. 

On the subjects treated of, in the preceding five chapters, tlie student may 
consult; with advantage, the excellent Elements of Physics of M. Peschel, 
translated by Mr. West, the Illustrations of Mechantos, by Professor Mosely, 
Sit David I3rewster'8 edition of Ferguson's Mechanics, and Dr. Olinthus 
Gregory's Mechanics, as well as the monoirraph«* in Sir David Brewster's Ency- 
Hop'pdia, Dr. Lardner's Cabinet Cyelopn lii a. the CyclopriHiia Metropoiitana, 
and the Treatises published in the Library of Useful Knowledge. Among 
oontioental authors, the works of Poisson, Pouillet, Bk>t, Mauy, Quetelet, &c., 
should be careiblly studied. See also, Muller*8 Physics," chapters I. and U., 
American edition. Lea & Blanchard, 1848. 

In the Essays on Mef^hanics, by the late Dr. Wootl, of Cambridge, and Pro- 
fessor Whewell, the reader will find the law ol statics and tlynatnir'> iiKithe- 
maiically treated. The propositions in liie Priucipia of Newton wili of course 
he studied with attention Iqr all who desire an intimate acquaintance with 
them, whilst those who content themselves with a more, popular and general 
knowledge of these subjects, would do well to consult Euler's Letters to the 
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Princess of Aohalt-Dessan. To fiudlitate the studjr of these works, the fol' 
lowing referenoet lo tbA pcurtioiift bearing on ifatt oontents of the preceding 
chapters may be useful to the student: 

Chap. 1.— Newton, bk. i. def. 1. 3; bk. iii. nilc 3; Euler, vol. 1, letters 1, 09, 74, and vol. 
2 let. 7 12. 

Clinp. 2.— Newton, bk. i. def. 5. f>, 7 ; bk. iii. prop. 1, 7. 9 : Enler, vol. 1, let. 45, 58, fl9,«8. 
Chap. 3. — Newion, bk. i. cor. 1 , 2, def. tt , bk. iii. prop. 19 , Kuieri voL 1, IcU 3, 71. * 
Chap. 4.— Newton, bk. i. cor. 6, prop. 50—55, sect. 7; bk* u. prop. ^ Met. 1—8, 0; bk.3, 

prop. 19, 2U, *M ; Euler, vol. 1, let. 45—68. 
Cup. 5. — Newtooi bk. i. cor. 6, schohum. 



CHAPTBR YL 

•mBA& rmomTiBB ov sov-biastig fmtiss at mwn, (htbbmtatics.) 

Properties of Fluids, 142. Elasticily o/^ 143. Ccfr^ressibiliiy of Wuler, 144. 
Equality of Presswe^ 145. Level Surface of 147. Level of the Sea, 14S. 
BjfdnUoUe Pmmrt, 149. l^mard Pmtmt^ 193. LaUral Prmm^ 156. 
Centre of Prumre^ 157. Commumcaling VeueU^lbS. JSquUibrium of Sohds 
in Fhddti 160. PrinapU of jirckimedes^ 161. Specific gravity of SoUthf 
162— 105— o/Xi^utrfB, 166—0/ 1«^9. Jrconieter, IC^l . Table of Speci- 
fic Gravities^ 171. Wave* or UnduUUiom^ 172 — 174— i2f/2eciion of, 175— 
Urfertnct of \ 170, 

142. Flvios, or liquids, are clmracterized by the ezUeme mobiUty of their 
molecules on each other, by which they nre prevented having: any distinct 
Ibnii like solids, always assuming that of the vessels coiitaininj^ iherii. Fluids 
obey all the laws which have been explained in the preceding chapters, with 
such modifications as depend upon their molecular constitution. They obey 
most etrictly the attraction of gravitation (38), and are capable of aasuiniog 
motion, in the same manner as solids, in cases where the ready mobiliigr of 
their particle*; on each other does not interfere. A mns.s of water, or other 
fluid, in falling from n jriven height, would produce effects as important as an 
equal mass of any solid, if no opfKJiiiiig causes existed; and the reason why 
no one would fear the falling of a pailful of water on his head from an ele- 
Tation, capable of giving to tbe pail itself a degiee of momentum sufficient to 
fracture his skull; is, that in falling, tbe water Is opposed by the air, and, from 
the ready manner in which its particles allow of separation, it becomes di- 
vided into a kind of irregular shower, prodiieing noetlects likely to be dreaded 
from their lue^ linnical violence. If the particles of water were tied tofjether 
by increased aiiructioa of aggregation, as by freezing, then itj^ mechanical ef* 
lecii would be as serious as diose of a mass of stone. 

143* Fluids have been divided into elastic and non-elastic: a distinction 1^ 
no means well defined, for it is quite impossible to draw a distinct line of de- 
markation between tliose fluids which, as water and alcohol, are but slightly 
compressible, and thereloru but slightly elastic; and Xho'^f^ which, like air and 
all gases, admit of ready compressibility, and consequeiiily are endowed with 
a oonaiderabla shave of elasticity. The properties of the one daas-are ooia- 
mon to the other, with but slight modifications. We shall, tfiei«fi>re, fiist 
examine the physical characters of fluids generally^ reserving for the ensuing 
chapter a consideration of the properties peoaliar to the eminently elastic 
fluids, or gases. 
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144. Liquids, properly so called, of which water may be taken as the tjrpe, 
are but slightly compressible ; this character indeed was for some time doubted, 
as the celebrated experiment, performed by tlie Florentine academicians, of 
enclosing water in an hermetically-sealed ball of gold, and cauBing the fluid 
to petootetB tiie pordt of iha metal by presBoie, was for a long time consi- 
dered ooiMdii«iYeoniliispoiiit,althoi^aUtliatkieallypro 
ty of tb e metal. Ffom the expQiimeiitt of Gaaton, the oom- 
luessibility of water under the pressure of our atmosphere, 
equal to fifteen pounds on each square inch, was estimated 
at 0.000044; whilst Mr. Perkins has lately estimated the 
cooapression under the same pressure at 0.000048} and 
PkofoBflor Oented, by meana of an ^oOnauiLf aoouate set 
of ezperimeats, has fixed on lalher more than 40 milliontha 
as the degree of compression experienced by a given Volk 
of water, for each additional pressure of our atmosphere. 
The apparatus used by Professor Oersted consisted of a very 
strong glass vessel abcd, having firmly cemented into its 
upper part a short iron cylinder sp, in which a piston e, 
OBpoble of being moved if die socew moves air-tight. 
A bottle into the neok of which is fiiknly fixed aoapilhiiy 
tnbe furnished with a scale graduated intofinetkmacf 
an inch, is placed in the glass vessel, abcd. By a previous 
experiment, the contents of the tube l as compared with 
the bottle k are ascertained. In some of the tubes used, 
one inch in length held 80 millionths of the contents of the 
bottle. The whole appwami, bottle and tobe, being fiUed 
with water, or odier fluid whose compressibility is to be 
detetminedi the screw a is turned, the piston a deseends, and the pressusa 
being communicated through the fluid in abcd, the contents of the bottle k 
are compressed, the amount of compression being measured by the descent 
of the fluid in l. The compression of the fluid is shown by the descent of 
a bubble of air in the tube, entangled in the upper part of l, before placing 
it in die larger vessel abos. Bjy means of this apparatus, Fkoihssor Oersted 
determined the compreisibility of the following fluids to be Ibr each addi> 
tiomd piesRueof an atmoqphoce (190) in millionth parts of the whole balk-* 

Mercury . . . • 2.65 

Alcohol 21.65 

Water 46.65 

Ether 61.60 

The compressibility of liquids is also proved by 
the faint elasticity they really possess, shown by the 
copious scattering of drops in all directions, when 
water, or any other liquid, is poured ftom a height on 
a smooth surfiioe. A vessel filled with a liquid gravi- 
tates, in common with its contents, towards the earth ; 
the fluid gravitating also independently of it, as, on 
piercing a hole in the containing vessel, it escapes 
towards the earth. 

145. Liquids, on account of flieir extreme mobility, 
are capable of communicating pressure exeioised on 
them equally in every direction, a property constitut- 
ing the most interesting characteristic of this class of 

bodies. Let ibcd be a vessel containing a liquid destitute of weight, and 
therefore theoretically unacted upon by the attraction of the earth ; and let 
the shaded portion f be a solid pisiua, also destitute of gravity, moving air- 
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Hlfia in Mi and motif coming Che sarface of the liquid. Now, as f to 
wiAout weight, it does not press upon the fluid, and the sides of the vessel 

may be pierced witlinut its cscapin«f. But if we pinre on p n M'picjht of 100 
pounds, it will attempt to descend, and would reach the bottom of tlie vessel 
were it not opposed by the water. Accordingly, the upper layer of iiuid x 
heeomes pressed by the pistooi and would fall, if not 8upp(Hted bj Ute enfajn- 
oent stntom y, which ihos In tnm b ec o mes pwssed; fhis nets on tte layer s^ 
and diis Mi the subjacent layers, transmitting the p re as B i e exerted by the 
weight with whidh 1^ piston is loaded to the Itottom of the vessel. And as 
Ihe whole base in snpporte the pressnre of 100 pound?, it follows that one 
half the base supports but 50, and -Oi the base but one pound, From 
these considerations we may safely infer that, 

Pressuie is transmitted by fluids from abore to below, upon ho t la o n tsi 
snrfeoes, widiouC beoondng dkninished. 

B. It is equal in every portioii of the fluid. 

c. It is proportioned to the area of the surface pressed. 

1 'ITi. The eRTTie phenomeTia will be observf d nt the side? of the vessel mm, 
for if any portion of it be perforated, the liquid rushes out, |>rovidiiig the 
weight of 100 pounds still oontinues to act upon the piston j and if a portion 
of one of the sideo nf flw v e sse l be out eu^ eqtud to fte area of -flie pismn, 
the Ibrce required 10 be eppfied to Iraep flie fluid in the vesseb wooM be foi^ 
to equal that pressing on the piston or 100 pounds. Finally, If a peribrs* 
tion be made in p itself, the pressure still continuing, the liquid rushes from 
below, and escapes in a jot (I'eau, proving satisftctotily tllBt fijpuif <rfl*usiil 
forces acting npcni thetiij equally in oU dirertums. 

147. Liquids can never attaiu a perfect state of rest, and be in complete 
equiUbrimn, unless the partioles la tiie upper and exposed layer ibrm a sup* 
ftoe perpendioiilar to the ibroes aeting upon it; and tyerj moleonle of dtae 
mass of fluid experiences equal and contrary pressures. To render the first 
OOndition intelligible, let aefh he n vessel full of water, or other fluid; to at- 
tain a perfect equilibrium, tho surface of the flnifi must be lerel and in a plane 
perpendicular to the forces gg^, representing the directions of the earth's 
attraction. If, instead of forming a level surface, the iiuid be supposed to 
describe a onnre^ oMi^a smaH horlaonifll layer, as the Hne H will be pressed 
Iff the wei|^ of the OMieoittea above it; this pr es s ure wiU become trans- 
mitted laterally (154), and Uie moleculSM Of fluid at b 
will be acted upon by this latem! pressure, and pushed 
outwards, because ihero is nothing to oppose this action; 
immediately other parti( [es take their place, and being 
acted upon iu a Similar manner, become pushed out in 
their tnm ; and this efl^ continues until all that purtioa 
of fluid standing above the horizontal line hd^ becomes 
drawn down to ibrm one level surface, and then the curve 
hrd vanishes, and an horizontal Mirfnre, extending from 
a to e, perpendicular to the forcea ggg, is produced. The 
fluid will then be in equilibrio, providing the second con- 
dition obtains, that every molecule in tlie interior of the 
mass of floid experiences equal and contrary pressures* 
That this is the case is evidenl^ ibr every partiele of 
fluid receiving the pressure of those above it tends, in 
consequence of the equality of pressure (145), to trans* 
mit it on every pide; and if the pressure on two sidf? of tho ])articles be un- 
equal, It will be acted upon by the strongest force, aiu! . oistinue to move uniil 
it has attained a situation where all tlie forces acuug upuu it become ei^uai. 
The only exception to flie hiw of the level surftoe of liquids arises fmm the 
oapiUaiy attiactiOD, or repulsion, exerted bj the sidce of the vessel (2 5). 
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148. We have a beautiful example of the truth of the law of equilibsiimft 
of fluids (147) in the figure of the surface of oceans and soas in a calm state, 
by wliK'h the cause of thei r superficial curvature becomes immediately appa- 
rent. Wu kiiow that, ii] comoipn with, everything belonging to our gloi)e| 
the Mas obe7 the ibfce-of gravilatioa; and as this Is exerted ftom the oealr* 
of the eartli (38), the oceans and aoaa neoesfuilf aasinne the spherioei £bgm^ 
because this is the only figure whoee snr^e is perpendicular to all the radii 
emanating from its centre. On this account where a standard place of obser- 
Tation is required for very ac^umte barometric or otiier expefiiiif nis, so as to 
enable obseryers indifierent parts of the world to compare the re:>uit& oi their 
ebeamtioo^ the level of tke aea, or » given- diilwwe nhimt it^ ia alwayicboten. 
The oolycfliwiidanJite eaoeptiaii t» the pexifRsfix oiroiilar outliee of the nee 
and oceana^ arises ftom oemrifiiBBl force generated by the repid rotation of 
the earth (59). Among minor causes affecting the re^^ular curve surface of 
the great mass of water on our gl l ie, may he mentioned those which arise 
iruin certain physical features of the earth itself; tlie mountainous elevations 
m in flMflMse BlImi^Qg, by tetenL gnwit^ttioa (41), the water of sees and 
eoeens toweide them. If the momHeans of tte Cordiltew ireie wb&at UXk 
times higher than, tiiey ares the seas would, by theirattlaetiaD, be elevated late 
liquid mountains on both sides of the coasts of America, atid the ports of France 
and Japan be loft dry. The peculiar directions of winds and currents are 
sources of disturbanoe to an important extent, causing elevations in particulax 
and Isolated meases of water; thus the level of die Red Seaat high- watet le 
mom than tfairtsr-two fesi higher tenrlhe MeditenaoeaD*. The level of the 
^Millc at Callao is more elevated than the oroan at Oartbageoa by twenty^hieo 
feet; whilst the oceaa at Buskiric and the Meditenanean at Buoelona; are at 
the same elevation.* 

149. The pressure of a fluid on the bottom of the containing vessel is al- 
together independant of its shape, anc/ U eqttalto the vueight of a coiumn ojfivid^ 
^im hoM it lAs saaii at Urn oj th» eonkaning vmelj <mi mkm bmght u ffwif 
Is thai ^ fAs tgifif ffinstf Jh/idi 

^ , Fig. 90.. 




The best mode of pioving this slateinent is by means of the apparatus con^ 
trived by M. Haldat, consisting of a beat glass tube abo, having at ▲ a collar 
oemented, into which vessels of different shapes, dbf, can be screwed. The 

tube ABC is filled with mercury up to the level of the dotted h*ne ac, and the 
tulje up fixed into c. The cylindrical vessel d is then screwed into a, and 
water poured in aa far as hj the base of the column of water will of course . 
be et^uai iu area to that of the surface of the meiciny in the tube a. The 

* Fottillet} Physique, p. 11^. 
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mercury will then rise to a certain height in o, as p ; in consequence of the 
pressure of the water in d on the «iurface of the mercury in a. Then unscrew 
r and fix on a the conical vessel e, and pour in water until it has attained 
tlie same vertical height as iu on examining the mercury in e, it will be 
ibvBd at Ilia Mme point p as whAn the cytinder b ww fixed on a. Vbaamv^ 
% and reptaoe it by f, and on poating in water to the wne height, tlie mw 
eary in e will attain the same elevation as before. Proving satisfactorily that 
the pre ?f 11 re exerted by masses of fhiid quite independent of their quantity j 
for the ]>ressure was the same wlien either of the djlieientiy sized vessels 
s, jLj Ef were used, each contaiiung very difl'ereat quantities of water ; in each, 
however^ the aptuat haae fimed by sarAoeof ilie meiciux, and the height' 
of the eolonin of wativ were the same, and the pressure, as above stated, 
Tsries solely with the vertioal height, and area of the base, of the cohmm of 
fluid. In the case of th<^ funnel^ehaped Yeaael the "»*ti^ty>rf aidet eupporc 
part of the weight of the iluui. 

150. We may readily calculate the auKNintof fluid pressure on the bases of 
flODlaiiiiiig TflMels, by setting s fijr the hate of the oolumn, ■ iir iia height, 
and B ibr the deoeitf of the fluid. The prwaure vpon the base B will be 
equal toBXBXB»fo'BX» ^i^l ^ equal to the volume of the fluid; 
and to have the weight, this product must be multiplied by the density n. 

151. From this law (149), we are enabled, with a given bulk of fluid to 
produce a very small, or a very considerable amount of pressure on the base 
of a TeneL For, with a qnantitf of fluid k f, a oertain amount of prcflsnro 
can be exerted on a given area, when the Tertkal heightof the fluid is « A ; 
ten times that pressure can be piodiioed by narrowing the capaoiljrof the ves- 
sel so that the vertical height of the fluid may be = 10 A, anf! conversely the 
pressure may be lessened to j\ by so inclining the sides of the vessel that the 
vertical height of the fluid may be only = j^. By avaiimg ourselves of this 
law, a cask may be readily burst by means of hydrosmtic pressure. For this 
purpose let a cask be fltted with water, and a tnbis aboot twenty feet in length 
be oemented into the bung-hole. On pouring water into the Teasel, pressure 
is exerted, equal to the area of the vessel multiplied by tfie hei^t of tlitt 
oolumn of water in the pipe, and a de.?rpp of force suffirjpnt to burst the casic 
with violence is generated. The well-known philosophic toy, callpd the hy- 
drostatic bellows, illustrates the same fact : tliis consists of two boards con- 
aeotod loosely by strong leather ; into the upper board is flxed a long glass 
tube, and on pouring water into the latter the boards become sepamted, even 
when previously p res s e d together by a considerable weight In this manner, 
when Tlie ?pace between the boards is nenrly filled with water, and a man 
stands on the upper board, an ouncf^ r i water {x urod into the pipe will exert 
sufficient force to elevate him considerably, notwiiiistanding the weight the 
fluid pressure has to overcome. 

102. In aooocdanoe with the general law of fluids 
Fig. 91. exerting pressure equally in all directions, it follows 

that every layer of fluid presses as powerfully upon 
every superposed stratum, as it does upon all subjat^pnt 
ones. Thus it is evident tliat all the particles compos- 
ing any particular stratum of fluid, as ir^, must be 
pressed upon by all above them, in the same manner 
as if they supported a solid piston equal to the fluid 
mass nvmp. Lf then we regard a portion only of the layer 
fn, t-.-—.,^. . ....^.. . .^ gg fjfj^ g^j^ readily understand that this is at once 

pressed from above downwards by the column drab, and 
,from below upwards by an exactly equal iorce, iii auch 

a manner that, if a solid cylinder were immetsed in 
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tlie Huid with its base resting on a/>, the upward pres* 
aoie would tend to throw it out of tho fluid. These 
theoretical obnsideratioiia may be readily Teriflod by 
means of an appaiatne oonstoting of a sloot glass tube, 
gf having a plate of brass, b, pressed against its base, 
and retainofl in situ by the string v. On immersiiig 
thewhule in a vessel filled with water to nn. the plate 
will be pressed against the mouth of the tube by the 
apwaid preasQteof die fluid. If water be then poured 
into g until it nearly leabhes the external lerel wi, tlie 
plate will obey the attraction of gravitation, and fall to 
the bottom of the vessel, as the upward pressure of the 
water below the plate b, becomes neutralized by tho 
downward pressure of the water in the tube g. 

153. Oa account of thi^ upward pruaiiure of iiuids, if 

itholebe made in die bottom of a ihip thewater tiiahes 
in; to eflbctnally oppose which, a ferce must be ap* 
plied, equal to the weight of a column of water, whose 

base is nf the same area as that of the aperture in the 
vessel, and whose length is equal to the depth of the hole fronn the surface of 
the water. Hence, in vessels of large draught, the keels should possess con- 
»derable strength to enable them to oppose the upward pressure, exert^ by 
the water in which they float 

154. As a eonaeqiiBnce of the law of equal preware, every portion of the 
of a containing vessel is exposed to pressure, cor> 

re!»ponding to the weight of the flui d i)ref«5<ing against it 
In the vessel of water, acd, if a particle of fluid situated 
at B be pressed by the column of water ab, it will for 
i^isons already stated, be at the same time pressed up- 
wards (152) by an equal finoe^and this pressnre will 
be odmmonicated laterally to the panicles lying on the 
same horizontal layer between bc and bd. Thus every 
point in the sides of the vessel is pres«5ed with a force of 
the same intensity, as that with which the fluid particles 
contained in the liorizontal layer corres]:Kjndiag to it, arc. 
As a general rule, the pressure supported by the sides of 
a contaSnifig vessel is equal to the weight of a fluid co- 
iamny having ibr its vertical height the depdk of the cen- 
tre of gravity of the side below the surface ; and for its 
base, a surface equal to that of the side of the vessel. 

165. The lateral pressure increases vviih the depth 
of the liuid; iur in the vessel £ADea the liuid column 
AC transmits its pressure (154) to the horizontal layer 
en to n: and the column ar pressing upon the layer 
W9y has its flnoetmnsmitted by ve to a; then the pres^ 
sure at o must be greater than at d, because ef is 
longer than ac. Therefore the formula already given 
for calculating; the pressure on the base (150) will 
apply to the lateral pressure j lettuig b represent the 
side instead of the base of the vesseL 

In a vessel of water of 5 feet deep, the pressure on 
a square inoh of lateral surface at 

1 foot deep, will be = i pound 

2 • • • • • ' 1 • • 

3 s= IJ . . 

10 
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4 feet deep wiil be 2 paunds 
9 s2i . . 

190. When tbeprewure upon tlie base of a cubical vewelof water is known, 

the lateral pressure can be readily calculated, for the pressure upon any one 
side of a cubical vcj^scI, filial with fliiifl, is one-half of the pressure on the 
base. For the bottom su&tains a pressure etjual to the whole weight of the 
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fluid, and ^e pressure sustained by the side is eqnal to the weight 
prism AficDEP, which is half the eabe»* and tlieieiore eqaal to haif tk» pn^ 

sure on the base. 

From this fact follows the reraarkablc circamstance that the liuid, in a 
cubical vessel, produces a total amount of pressure three tanes as great as ito 
own weight; fiir if tlto latter be aa 1, and as npon eaek of tbe finmr sides H 
produces a pressnie eqnal to half that on the base, ^ X 4 2 ; and upon 
the ^x>t!om a pressure eqnal to its own weight, the total pi e siu fe exeitod hf 
it must be 2 4- 1 = 3 

157. The poiDt where ali these pressures (149 — 156), in a mass of fluid, 
are equally balanced, is termed the tmtre of preuwre ; this would be kbntioal 

with the centre of gmvity (46), if the 
lower layers of fluid were not compressed 
by the weight of those alx: vc them, on 
which account it is always somewhat 
lower tlian tins point. In a v^sel whose 
sides are parallelograms, the centre of 
tnressnie is Iband faj biseeling the hoil* 
zontal sides, by the line AS, and di'viding 
en into three equal portions by the lin^ 
ef; produce / to fr, and the point where 
this line inters* cts ab will correspond to 
- the centre of presiiiure c. In a triangular 
▼essel supported on its base and filled with fluid, the oentre of ptessave is at 
one-finmh of Ae Tertical line ab, reckoning ftoin the base, viz. at c. In a 
similar vessel resting on its apex, the centre of pressore is at o, in the middle 
of the vertical line ab. 



1 



* Enclld, Book IL, props. 28 aod 40. 
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158. When several vessels, of the same ur dillerent sizes, commuoicate 
together, the aame opnditions of equilibriom obtain, «• when fluids are ooa- 
laiiied in a aiagle wtel (147). Let ai be two difibrencl/ sized veaseli con- 
nected by the tube c, on pouring water into them up to the line it will be 
ijund to preoeiit a level eur&ce in bodi: fwd the fluid ii^ each will be «t the 
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same elevntion ; for if the water in a, instead of being at t, were at mm, it is 
obvious that the layer of fhiid pp would he submitted to unequal pressurei 
being in b pressed by the long coiuum ip^ and in a. pressed only by the shorter ^ 
eohitnn m^i, and consequently equilibrium could not exist (147). Therefore 
the partlelee of floid aisled upon bj the stiongest Ibroe will move, and attain a 
state of rest only when the level of the fluid is the same in both vessels. 
Tliis law obtains when the connected vessels 
present the i^rfr^tppt variety in shape or size. 
If the tubes abcdcf be fixed into a common 
reservoir, i.u, and water be poured into D, it 
win attain exactljr the same elevation in each 
of the tubes, notwithstanding the di£fetenoehi 
the figure and size. The only circumstance 
introducing the slightest exception to this law 
is capillarity (22), by which, if op.p of the 
tubes or vessels in tiie above iigures be very 
tMitow, the water, or other fluid, will have a 

tsndency to rise to a higher elevation flian flie fluids in the wider ones. 
159. The above law applies only when the communieating vessels are filted 

with the mmfi fluid; for if fluid? of difTprr'nt dep^itie^ incapable of mixing, 
fta water and mercury, be used, the elevations acquired by ench will be louud 
to bo io the inverse ratkt of their specif gravities (10, 102). Let mercury 
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101. be poared into the tiibe ab until rhc. horizontal surface c 1»e- 
coiTip« fiUed tbcn pour water into n. arnl it will l>e found that, 
^ to rite the mercury in a To tlie height of one inch, a column 
of water, rather more than 13-5 inches high, will be required 
in in oonsequence of the speciflo giftTi^ of meiciiijr, as 
oompared to water, being as 13*59 to 1. 

160. When a solid is immersed in a fluid, it displaoes a 
quantity of the latter equni to its own bulk, a legitimate con- 
sequence of the impenetrability of matter (2), If thi? qtmn- 
tity of fluid be lighter than the solid^ the latter will sink, Ikji 
if heavier, it will swim: this has been already alluded to (43). 
But if the fluid displaoei} be the same weight as the immersed 
I I solid, the latter wih remain at rest in the fluid, in whatever 
position it be placed; a ciioumstsnoe arising from the foroe 
of gravitation actincr equally upon the solid and the flnid dis- 
placed, the quantities of nratter in each being equal. Fishes appear to be 
in this state of equilibrium when immersed in their own element; and 
for the purpose of enabling them to preserve this state at different depths 
they are provided with an air-bladder, by o o m p re s s i ng or expanding which, 
tiMff are enabled to cause their bodies to acquire the same density as that of 
the water in which they live. At a very great depth, the air in this air> 
bladder beeomeg considerably condensed, and on suddenly rising to the surface 
it expands; and it occasionally happens that this takes place with such foTce^ 
that the muscular eflbrts of tiie animal are unable to control it, and tlie or^n 
is mptored, eauang an extiavasaiaon of air into the surrounding tissues. The 
hydrostatic tcqr known as the Cartesian devilS|in whieh a hollow glass figiute^ 
portly filled "^^ith water, floats or sinks in a vessel of water by pressing the 
piece of caOtttchnnc with which the latter is covered, is a popular illustratkm 
of these facts. Let ab be a glass vessel filled with water up 
to CD, having a iittle hgure of thin glass, as a balloon e placed 
in it, previously allowing enough water to enter the balloon 
to render it nearly of the same density as the water in ab. 
A little opening exists at the lower part of a so as to allow 
water to enter or escape from it. Chrer the momh a is tied 
a piece of sheet cnotitehouc. If e floats to cd, and the cover 
A be pressed inwards into the jar, the air a!>ove rn will be 
compressed, the pressure will l e conveyed throui^^li the water 
to the air contained in £ ; this will consequently be compress- 
ed into a smaller bulk, and enough water will enter m to ren- 
der it heavier than the water, and it fidls to a. On removing 
die hand and taking ofl* the pressure, the air in s expands, 
expels the water which luui previously entered it, and it sigain 

161. The well-known hydrosUitic principle that solids, immersed in fluids, 
displace a quantity of the latter equal to their own bulk, was first observed 
by Archimedes, who studied it with no less industry than success. This sage 
moreover discovered that a body^ when immemi m afMi^ Jam a jNNtSMi 9f its 
voeif^kt tquid to that of the ditplaced fluid. The most satisfactoiy mode of proviof 
the correctness of tliis important law i?, by fsiippending from one of the arms 
of a Ixilance a hollow cylinder, d, having a cylindrical mass of any substant^, 
A, capable of exactly fitting into it, hanging from it by means of a thread. 
Place weights in the soale*pan b until the solid cylinder a and the hollow one 
]» are exactly connterbahuieed; then pour water into the vessel o until a is 
compleiely immersed, and immediately the pan a will prepondeiate, the aolkl 
cgrlinder H>PW^ to hava kst » oonsideiable povtioii of its weigbt; tei 
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foag water into the v«iiet »imtil it b qoite full, and m soon m tl^ it don«i 
the lialsim will ones moie be in eqnilibrid. Now, m the ejrlinder b is of 

- 108. 




floeh a nze tbat the solid mass ▲ will exactly fit into its interior, it ^Itowe 
that the water with which d is filled is precisely equal in bulk to the aolad a'; 
provitig most satisfactorily that the apparent loss of weight suffered by a, on 

being immersed in water, is precisely equal to the weight of a mass of fluid 
equal in bulk to h-elf. The apparent loss of weight of the mass a, observed 
on immersing it in water, arises from liie upward pressure (li>2) of tiie fluid 
supporting the immersed solid, and opposing, to a certaia extent, the attiac- 
tion of gravitation (38). ^ 

162. The principle of Archime<les (161) affords a ready mode of determin- 
ing the s])edfic domty or gravity (10) of any substance; for when a body is 
iniiiu rsi (1 in water and weighed, it, as above slated, suffers an apparent loss 
of weight equal to that of its own bulk of water; then, by knowing this weight 
as well as tbe ahsolote weight of tbe body when weigbea in air only, we bare 
all the elements for calculating the density of any substance. For tbe decisi^ 
of any substance is equal to its bulk, multiplied by the quantity of matter, or 
number of moms that it contains. Water is generally taken as a standard to 
"Vt'hic'h all tlio specific weights of bodies are referred, and its specific gravity 
is assumed as 100 or 1000; thus, if a botiy is said to be of specific gravity 
1 1*90, ail that is meant, is, that a quantity of water, weighing 1000 grains, is 
exactly equal in bulk to a mass of the substance weighing 1 1 50 grains. A cable 
inch of water, at the temperature of 40®, weighs 252*953* grains, and a cubjp 
foot 437102-494G. To obtain the weight of a cubic inch or foot of any sub- 
starjce, it is only necessary to multiply its specific gravity by the weight of an 
equal bulk of water. 

163. The best mode of ascertaining the specific gravity of a solid heavier 
than water, is to sospend it by a hair, or piece of &ie platinum wirei, ftom a 
hook fixed in tbe bottom of one of the pans of a balance, and by placing weights 
in the c^posite scale ctscertain its ei^t weight, then immersing the solid com- 
pletely in M-ater it will appear to lose weight (161), and ascertain its exact 
weiglil when ihns imnieised. Subtract the weight of the substance in water 
liom its weigiit in air, and divide the latter by the dilference, the product will 
be Ihe specific gravity required. The rationale of this process is sufficiently 

• At the temperature of68o the cubic inob of water weighs ftSStiSd gn^ the logarithm 
for wliieh is 2-4CB19. ^ 
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ebvious; the exact weight of the body is first learnt by weigbinj? it in air ; by 
ascertaining its weight when immersed in water, and subtracting this Jroiii 
its weight in air, we learn the weight of a mass of water equal in bulk to the 
body under exaniiDaliuu, and by dividing the actual weight of the body by that 
of 9n tqptH hoSk of vrater we afloeitain the selatkni ibsf bear lb emSh other. 
^ £z. A piece of copper weighed In air 9047 grama, and in water 2024 
grains; Aen 2047— .2924=23, and 2047-f.23 a 89, water being i-0, heooe 
the copper was 8*9 times heavier thnn an equal hu\k of water. 

164. If the substance be lighter tlian water, tie it to a piece of any heavy 
solid, whose weight in air and water is known, sufficieutiy iarge to sink it in 
w ater. Weigh the compound both in air and water, and ascertain the loss of 
weight; then, koowlng the weight lost by weighing the heavy body by itself 
in water, ascertain the difierence of these kMses^and with this number divide 
the weight of the light body* the result will be its specific gravity. The ra- 
tionale of this process is very plain, for the la^t loss fs =: the M'eitrht of a 
quantity of water, equal m buik to the heavy am! lii;lit bodies together; and 
Ihe first loss is s the weight of water, equal in buik to the heavy body, and 
consequently their difierence is equal to tlie weight of a mass of water of the 
same hoik as the hgbt body. 

Ex. A substance wei^ied in air 600 grains, tied to a piece of copper, it 
weighed in air 2647 grains, and in water 2020 grains, sufiering a loss of weight 
of 627 grains. The copper itself losing 23 grains when weighed in watery 
then 600 -f- 604 = '993, the specific gravity of the substance. 

165. If the solid be soluble in water, it must be weighed whilst immersed 
in some finid incapable of dissolving it, as alcohol, oil of turpentine, &c., and 
its specific gravity as compared with the fluid ascertaioed. AU that is «^ 
qniied to determine its density with regard to water, is to mnltiply the spedflo 
gravity thus found by that of the fluid employed. 

Ex. A substance soluble in water was wei|p]ie<l in oil; its specific gravity, 
as compared to oil, was found to be 3*7. The specific gravity of the oil was 
0*9 and 3'7x0'9 ss= 3 33, the specific gravity of the substance as .compared to 
water. 

106. The specific gravitf of a fluid maybe disoorered in several vmys ; the 
readiest mode is to compare the weights of equal bnUis of distilled water and 

of the fluid whose density wc are seeking. For this purpose take a phlal of 
convenient size and carefully counterj)oise it. Ascertnin first the weight of 
water required to fill it, and then the weight of the same phial full of the 
fluid under examination; and, on subtracting from the latter the weight of the 
bottle, the weight of the fluid will be ascertained. Divide the weight of the 
fluid by that of the water, and the quotient will be the specific gravi^. 

Ex. A counterpoised bottle held 600 grains of water, and 412 grains of 
alcohol, then 412 500 ss 0*824, the specific gravity required, for dOO: 
1000: : 412 : 824. 

166. Another and very convf nient mode of fimlinp the specific gravity of 
a fluid is founded directly on the iact of soiids displacing a bulk of lluids 
equal to their own (161). For this purpose take a glass bell whose lo^ 
when weighed in water is known, then weigh it while immersed in any 
other fluid, and, subtracting this from the weight in air, ascertain this fresh 
loss in wei'^'hr. Then its loss when weighed in the fltud, divided by its looa 
when weighed in water, will be the specific gnivity refjiiirrd, 

Ex. A glass ball lost 30 grains when weighed in water, and 94 whon 
Weighed in alcohol, and 24 -5- 30 == 0*800, the specific gravity oi iho timd. 
tir 30: 1000:: 24: 800. i ^ j , 

167. The specific gravity of fltdds is fiwqnently very conveniently asoer> 
tanned fay means of the gravtmeter, areometer, or bydiometer; an instramMit 
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whose mcxle of nction depends u{)rin the ilict of w^ids of a given weight sink* 
ing deeper m iigbt, ihati in iieavy liuids. 

Thme infftnmients an nftide of Yirious niatarials, as metal, ivoiy, and 
^ntt m x m dmg to the neeslbr which theyaw intended. Their 
action is elv^ytf confined within a very limited nuige^ nnltim 104, 
ihey are of inconvenient length, and their indications are by no 
nieans inatlicniatically correct, still, for very many practical im- 
portant purposes they are extremely useful. As instrun:onts of 
this class are frequexuiy useful to tiie physician in Ins exami- 
nation of oeitain animal lecsetioiMb It wiB he not altogether 
uelefls^ to deacribe the mode of gradoadng dieoi. Proonre a 
thin glass tube blown into the shape of the figure ab, and from 
three to 5 inches in length, place in the nartow part of the tube AC 
a thin slip of paper, and pour in mercury until, when immersed 
in distilled water, the M-hnle iustrument will sink to within 
balf an inch of its top. Then thrust, by mean::^ of a wire, a frag- 
meat of oork and a few pieoea of aeaHng-wax into the amalter 
tude D ; by holding it near the flame of a oaad]e,niek the wnif 
and then allow the whole to cool. In thia manner the meromy 
will be kept in the ball b, without any danger of its falling out 
on inverting the instrument. Replace the tube in distilled 
water, and very carefully tnark with a file, the point where the 
Meni A is intersected by the surface of the fluid j let this be a, then immerse 
ii hi a sohition of aalt, whoae apeoifie gmvity ia known; suppoee diia to be 
1.090, and mark with a file the point where the stem ia interaeelad by the 
surface of the solution ; let this be fr. With a pair of compasses take the di»> 
tance ai, on a slip of paper of the 9nme fize as that previously placed in a, 
arid divide this into tliirty equal parts, and from the snme seale divide the 
whole length of the paper untji it has sixty equal parts marked upon it ; and 
aonber these in fives ; distinguishing every tenth division with a darker or 
laoger line than the odwra. Then introdnoe this paper into the atem a, in 
plaoe of the flrat pieee^and posh it down until the mark aoorreaponds to zevo, 
or 0 on the paper scate ; when this is done the latter may be retained in its 
place by a little varnish or gum ; and the top being clo«e(l by the blow-pipc, 
the instrument is completed. To ascertain the specific p;ravity of any tiuid 
l>y it, immerse it in the fiuid, and note the graduation to which the level of 
the ibid oorresponds, add 1000 to this, and the product is the specific gravity 
of the flnid veiy nearly^ thna, if the atem ainka to IjH Uia apeeiflo gravity of 
the fluid ia 1015 

16S. It muat be borne in mind that, in all experiments in which the 
object is to a>»oertain the specific gravity of bodic as compared tf) water, 
the latter tniist be distilled, and of the temperature of •iO'^ Fahrenheit. 
For as that ttuid expands with every increment of temperature above 40* 
Fahr^ it follows that very erroneous results will be obtaixied onless the water 
used in detetmii^ng the denatiet of bodies be aoonmtely of the tempeiatnro 
of 60° Fahr. And if this be not practicable, a correction muat be made fay 
palculaiion, so as to reduce the results obtained to the j^nerally assnmed 
standard. Fcr tlilr^ purpose, the following table, exhibiting the specific gravity 
of water for every tempemture Ixom 37** to 80** Fahr., will be fotmd of great 
•ervice. 
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Bp. Or. 



37 
38 
39 
40 
41 
48 
43 
44 
45 
46 
47 



1.00093 
•IjOOOM 
1.00094 
1.00094 
1.0<K)93 
1.0UU92 
1.00090 
1.00088 
1.00086 
1.00083 



Ton. 


flp. Or. 


48 


1:00076 


40 


1J00073 


60 


1.00068 


51 


1 0n063 


52 


1.OO057 1 


53 


1.00051 ; 




1 0004.5 1 


55 


1J00088 


66 


1.00081 


67 


1.00024 


58 


1.00016 



Tern. 



50 
60 

61 
62 
63 
64 
65 
66 
67 
68 
69 



8p. Gf . 



8 



iniiiiii 



IJ 
Ij 

0.99991 
0.00981 
0.99971 
0.99901 
0.99950 
0.99039 
0.99998 
0,99917 
0.99906 



Tern. 



70 1 
71 
72 
73 
74 
76 
76 
77 
78 
79 
80 



Sp. Of. 



0.99894 
0.9988a 

0.99869 
0.90856 
0.99843 
0.99830 
0.99816 
0.99809 
0.99788 
0.99774 
0.99759 



To ascertain the true specific gravity of any body which has been weighed 
in water of any temperature above or below 60* nht^ we ba^ imtf IQ nMri- 
tiply iu spedflo gravity m Iband fajr eiqiaritneiit, by the speeifle giantf of 
water at the tempeiatare at which it was employed. 

Ex. A mbstance was weighed in water at the temperature 42°, and its 
specific gmvity lound lo be 520. Thus its tme paviiy, at tlte leiiipentiiis 
of 60^ wiU be 

5-20 X 100092 as 5'204784. 



169. The qpeotfic graviqr of a gas is aaoertained in a similar manner to that 

of a liquid (166), only the stanrlnrd of comparison is changed, atmospheric air 
being here assumed as unity, or, to avoid decimals, 1000. Let a cropper or 
glass flask, furnished with a good stop-cock, Ijt^ weiLd;*-*! when filled \vii\i air, 
and then after being exhausted by means oi an air-pump as ]>oriectly as pua- 
sible (192); the difineoee of these weights will give the weigjht of air oofr 
ttdned by the flasks Then fill the flask with the gas tmder eiaminatkMi, aad 
oareAiHy weigh it, this weight mmus that of the flask will give the weight of 
the The weiijht of the gas divi<Jed hy that of the same bulk of aic wiM 

give me specific gravity of the former as (XDmpared to the lattr-r. 

Cx. A glass fiask, carefuily counteryioisfd, held 5 7 grains ol aifiiospherie 
air and 5-40 grains of olefiant guj^j the bpeciiic gravity of the latter was 
therelbie 

6-4 -t- 5-7 « 0-982, for S"? : W t : 1000 : -982. 

In examining the specific gravity of gases, they shoidd he < areiuUy freed 
from moisture by being passed over recently ignited chloride ot caiciuui ; and 
the results obtained ooriected for temperature in the manner described in all 
chemical works. 

170. The fi>lk)wing questions will illustrate some practical applksations of 

the knowledge of the specific gravities of the bodies. 
A. What is the^weight of a cubic inch of copper ? 

Tlie b[>ecitic gravity of copper bein^ 8 90 (171), or more exactly 8,879, we 
have, to answer the question, to multiply this by the weight of a cubic inch 
of water, which at 62^ is 252*458 grains: therefore, by logarithms — 

log. 253-458 = 2-40219 
k>g. 8-879 ss -94836 



9*85055 H 9941*5 gmhie. 
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R What Ss the weight of « onbio fim oTniMrUe, of apeoiflo gmTitf 2^38, 

in ottnf^e?'^ 

The iiumljer of ounces which a cubic foot of water at 0'2° weighs are 907* 
130%9i, this id generally assumed at lOOU ounces to avoid decimals, tljea • 
1000 X 2*838 XB 2838, the weight in ounces of the cubic ibot of marble j to 
aioertaiii the emd weight, we nay inooeed thus: 

log. 997-13G9G91 = 2.99875 
log. 2-838 8B •46301 



3^45176 » 2829-8 oimoea. 
171. TABLE OF SPECIFIC GRAVITIEa 

WaTIB as 1,000. 



Mttalt, 

Potassium - - • ^ • " 0 865 

Sodium 0-973 
Tellurium - - - • • •G115 

Antimony - • • • - . - 6*712 

Zinc • • , • • . 7*100 

Caatiion - 7-207 

Tin - . 7-291 

Cobalt - - • . - • 7-812 

Steel 7-810 

Copper, cast • • • « • 8*788 

— wife . . • . - 8*879 

Bismmh 9882 

Silver 10-474 

Lead 11-352 

Gold 19-258 

Plaiinura, forged * . • • . 20 337 

-laminated .... 22-069 

Merauiy ...... 13*980 

Organic Bodiet, 

Wood of Poplar • . . . - u-383 

Larch • . . « • 0-498 

Cedar - 0-5G1 

Cyprew * . . • . 0-908 

Lime • « • . • 0-G04 

A»b 0 845 

Beech . • • . • 0-852 

Oak 0-925 

Cork 0240 

Ivory - • - . - 1*826 

Beef bones • • • • • 1*656 

White Wax 0*960 

Lyjfganic non-metaUk Bodiei, 

Agate 2*590 

Amber 1-078 

Snlphtfi Miive • - - 9*033 
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QkmBf crown • • • • • • 2*488 

, flint 3-329 

lux^k crystal .<>•••. 2 653 

IfarUe of Pturat 9*838 

StanKNids 3*901— 9*531 

OriflotBl nibiM * - • • . . 4*283 

Ether 0*715 

Alcohol - • . • . . 0-792 

Rectified spirits 0 837 

Oil of turpentioe - 0 870 

OU of olives 0-915 

Sea^water • • - - . • 1<026 

Milk 1030 

Nitric arid • 1-503 

Ammonia - - - • • • ^ 0-9(^0 

Sulphuric acid • - - - - • l b45 

AceCioacid •••••• 1*063 

Oil of cinnamon . . . • 1*043 

OUofoIovei- - • • * 1*036 

ATMOtrumic Aik 1,000. 

Ammonia 0*590 

Carbonic acid - . . . . 1*527 

— oxide . - - - . 0*972 

Chlorine 2*500 

Cyanogen 1-805 

Hy<lroi,'pn - 0*069 

Nitrous oxide - . . • - 1*527 

Nitrogen - - - - - - 0*972 

Oxygen • - * • - - 1*111 

SulpbuKMtt acid • • • . • 2-223 

Sulphuretted hydrogen « • - • 1-180 

WnghU of giom bulks of water and air for calculating tfu ah$ohUt wagkU from 

the qiecyk gramtus of bodiet (148) : 

Cubic inoh of difttilled water (bar. 30, therm. 62) i.oeAaiTaM s. 

ingrains 2r)2'458 (2.40219 

foot in ounces avoird. . . yu7-1309691 2*99875 

in pounds ditto 62-32iUtiU6 i 1*79403 

Weigfatof 100 Qtibieinohee of air, in grains do..... 30*49 I 1*48416 



172. Fluids are cnpa])!c of assuming undulamy morements nmilar to the 
vibrations of solids (77), differing, however, in «omc respects, in wn^equenoe 
of the diderent phyicel nrmngement of their atoms. If a pebble be allowed 
to drop in the centre of some calm piece of u'ater, a series of ripples will be 
geneiAted, difihaed eooentrically from the plaee of impact, and* becoming 
wider and ahallower ae they reach the faanii. On a nnall aoalOi tfaeae are 
baat observed bgrdnpping a ghus ball on the smfiioe of adishftd of nieioiiiar. 
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Fig. 105. 



27d. At the point where the pelMe todoto tils wmtei*, t dspRMion wiU 

be produced; this will, from the readjr transmission of an apptiad §bnm 
in all directions (145) produce a circular elevation of the wmier nmnd 
The atomsof water thus elevated above their previous 
level will, in their turn, fall, producing a depression 
of tfio next dvenlar aeriat of atomi. Thvm the initial 
motion win be graduallj piqpagated Aom the point 
of impact, in a series of gtadiHdly widening cirenlar 
ripples, until opposing causes allow the equilibrium 
to be regained, c will represent the depression pro 
duced by the pebble, d the elevated ripple surround 
ing it. X the remaining circle of depression, &c. The 
white eiiolea npraseat ibe eieratioiis, and die shnded 
ooea the depraBoons of Ifaaae oironbur wayea. The 
particles of water are thus merely moving up and 
down in curves, and are not really urged from the centre to the bank of the 
pond or brook, although it is difficult to believe at first sight that the water 
does not really move laterally. This will, however, be admitted on referring 
to the vibiataona of a rope (78), or after M atching the motion of pieces of 
•imw, &0L, on tbe anrftoe of water, they will more «p and down with each 
rq>pler bat scaroely leave the place wheze flnt observed. These wave-like 
movements are not only propagated laterally, l«it in all other directions," as 
might indeed be expected, from the laws already announced (145), and 
extend downwards to a vertical depth equal to 3^ timet tbe elevation of 
each undulation. 

174. An entke undulation consists, as in the case of the vibration of solids, 
of a phase of depression and elevation, and this may be rendered more in* 




Fig 107. 





tellij^ible by conceiving a series of circular undulations, divided at a c b, soas 
to present a vertical section. The phases of elevation and depression will 
present the series of onrves shown hy tbe line a' b*. The analogy between 
the nndnlations of floids and vibmtions of solids will tbvs be rendered 

plainer. 

Id non-elastic fluids, the attraction of gravitation (38) becomes the active 
agent in bringing the undulations to rest, whilst, as we have already seen, in 
Uie OBse of solids, elasticity produces the same result. 

175. The motions of undulations, when impinging against a solid are re- 
isoied baek in aoootdanoe with Ibe ordinary laws of refleeted motion. 

A series of tmdiilations, piopegMed fiom a oentre 0| and reaching a flied 
obstacle ba, will ba refleeied fiom it in tbe same ibrro and manner as if th^ 
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had been propagated fiom a point n, placed at an equal diBtance, 
tke oppoate aidtt of Uie fixed obitacleu In Uua waj, mdulations 

Fig 107. 



from 
in 






the centre of a circular veswl may reach the boimdariea of the fluid, and, on 
im pinging against the walls of the vessel, be reflected back to the centre, and 
8o on. 

176. If two imdnlaitkMis meet, their rerollhig moremePtwM Taryaocording 
to the dienmslaiioea midar whidi thej oome in contact Thns, if two undB- 
hitiDoa in the same phase, tniTeling in the same direetioo, meet, the wtiiltiug 

wave will be equal to the sum of the two separate ones ; but if these condi- 
tions be reverse<l, to their diflerence. Thus it is quite possible for two waves 
of equal intensity, traveling in opposite directions, to meet, and completely 

destiof audi othfli^t modon. lliisii teemed the 
wUrfitHm of wmm, Tha two equal aeries of 
imdulations, propagated ftom the points a and 
B, will, at the points where they mutually in- 
tersect, interfere and lose their motion, whilst 
in the intermediate spaces the water will be 
agitated. 

177. Whan a series of imdwlations impinge 
upon an obstacle in wUoii en apecture exists, 

those which reach the opening will pass throujjh, 
the rest being reflected {ITS). Those which 
pass through, undergo a peculiar change in their 
curve, in consequence of striking against the 
eilffes of the openingi 

Fig. 109. 





Thus a series of undulations, propapitcd from c and rcrioliinj^ the openin;; 
in a filed obstacle, will be propagated through it, so as lo Ull the spuco 



» 
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iiD». The cnrre of the eoiioeiitriew«Tetwffll>e altered «tm«,&c^r^ 

the influence of the edges of the opening ab, becoming hent hi the diieetfoa 
rs, and es, in the diteetkn of dke aics Of oaiclei drawn ftom as xespeetiTely 

as centres. 

177». In consequence of the ready reflection of undulations, they may be 
mie^d in any direction by means of properly-arranged concave surfaces. In 
this way nndulatioDS geneiated in one of the foci a of an elliptic may have 
^eir ooDjoint^efieotB propagated to the other, a, as shown in the snbjoined 
Agnre. 

Fig. IJO. 




CHAPTER m 

eurSRAI. PBOPSBTIXS OT ELASTIC VLUIBS (pirXUXO^ATZCS.} 

CmpoMm of tht JSlmotphert, 178. Fmttt exttni 0/ 179. Wti^ of, 181. 

Jhressureof, 182. Bwomtter, 186, 186. CorreOum for CapiOmity, 186. J)i- 
wrnal Height and horary Variatiotu of 187. Meas ummni of HeighUf 188. 
Imw 0/ Marriotte, 189. Aerial pressure, 1^0. Air puK^ 1^1^ 192. Cofl- 
^ensin^ Syrtngt, 193, lUuttratwe Es^perimentt^ 194. 

178, TkiK great masi of gaseous matter, surrounding our earth and extend- 
ing to a ooosideraUe distance ftom it, is termed the afnwqiAsrv or otmotpkmc 
This, like tiie denser fluids, obeys laws similar to those treated of in the 

preceding chapters, with such modifications as its eminently elastic character 

produces. Like the less elastic liquids, gases obey the attraction of gravitation 

(38), and the conditions of equilibrium and equal pressure (146), explained in 

the last chapter. Atmospheric air freed from moisture consists, in 100 parts, 
of 

ax VOLUME. BX WBIOHT. 

Introgea • • • » •70*» • 70*^ 
Qiygen • - • • . 21* - • 23-1 

A certain and variable proportion of carbonic acid and aqueous vapor, is 
always present in the almoqpheie. Aji an average, it may be amnned tet 
1<K)0 parti of air eooaat of 
11 
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Niboim 788. 

Oxygen - • 197, 

Aqueous vapor ------ 14* 

CarbcNaic acid - • - . - • 

179. In consequence of the atmosphere being confined to the eartVs surface 
ty gravitation (38), we find it much denser near the level of tlje sea (148), 
than at nny distance alx)ve it. As we ascend alxDve the surface of the earth, 
the density of the almu^phere rapidly decreases; thus, at an elevation of 3 
niiies, it is ^ the density of the air on the earth's surface ^ at d miles it is |j 
at 9 miles, ^ j and at 15 miles, of that density (188). The gxeatest pan 
of the atmoepheie is thus evidently alwaye within 90 miles of the snrfiux of 
the globe, although from certain astzonomic phenomena, it is supposed to ex- 
tend to a distance of 40 or 45 miles; and here is, in all probability, its utmoft 
limit. Dr. Wollaston* has shown that, at this elevation, the attraction of th.' 
earth upon any one particle, is equal to the resistance arismg from the niule- 
cuiar repulsive power of tiie medium. Another proof ui tiie finite extent of 
the atmosphete is found in the fact of die sun, and the p]anets» being destitute 
of any similar media somnmding them ; ibr if it is supposed to extend into infi- 
nite space, such large masses of matt^ as the planets, must surely have caused a 
considerable portion to gravitate towards them. Other plnlosophersf have 
supposed that the extrerTie colrl of the upper regions is suificieut to prevent 
the infinite expansion of the atiiio;>pliere. Dr. Dalton4! reasoning on one of 
Newton's propositions,§ has adopted the opinion of Wollaston« 

180. The extreme etesticity of gaseous substances arises ftom the intaoilCf 
of their molecular repulsion, which, instead of being nearly equally bahmoei^ 
or exceeded, by the intensity of molecular attraction, as in soUds and liquids (8j ; 
tends continually to separate the atoms !^tin furr!ier from each other, and to 
press against the sides of a vessel contaniitig tliem'wiih sutficienl force to 
rupture it, if sufficiently weaiv, were this effect not checked by external pres- 
sure (194, D). Unlike the far less elastic liquids, gases never present a level 
surftce free fkom pressure, for they tend continually to expand themselfes into 
apace, to prevent which, actual force must be exeited. 

181. The weight of 100 cubic inches of atmospheric air, at 60° Farenheit 
and the barometer at 30 inches, has been computed at 30 02 {grains, by Kii^ 
wan ; at 3110, by Sir H. Davy^ at 30 5, by Sir G. Shuckburgh j and at 

by Mr. Brande. 

182. The atmosphere presses upon all bodies immersed therein with very 
considerable lbroe,<^a foice which would be sufBeient to crush animal sim^ 
tures, if, in obedience to the laws of equal and contrary pressure (192), diis 

effect were not prevented. Let a piece of 
bladder be firmly tied over the end a of the 
strong glass vessel a b, it remains perfectly 
flat, and gives no evidence of any force 
pressing upon it, for the reasons above stated. 
Then place the lower part of the vessel on 
the plate of die air-pump, and exhaust the 
air from beneath the bladder (192); the 
upward pressure (195) ^^ lli^•h preventeil the 
weight of the atmosphere irorn t xcrting its 
efi^t becomes removed, the biadder curves 
inwards imder its iofluenoe, and at last gives 
way with a loud report 

• Phil. Traiif. 1882, p. 90. % Phil. Tr«ns. 1823. 

t PliU. TiransaetioiM, im f Pdacipia, Bsok tt. prop. 2., p W 
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If a plate of glaas were ptaeed on a, instead of the bhddmr, ft vosld, if 
sofficiently thm, become broken by the preemie of the atmosphere. Tbie 
pressure is, in round niunben, equal to fifteen pounds upon each some inch 

of surface ( 1 Ou). 

183. Aimuspberic pressure is exertecl upon everything on the surface of 
tnt globe, nothing is naturally exempt froin its influence, any more than ftom 
gmTimtkm, to which Ibioe this pressure is indebted fbr its origin (180). 

If a tolerably wide glass tube a B be partly filled wSth water and io?erted 
in the vessel c, filled also with water, the fluid will not fidl in 
the tube but remain suspended at a higher level than that of 
the external portion, in appearance contrary to the force of 
pavitation, of which it is, however, the simple effect. For ihe 
•toOBpheie, pressing upon the surfaco ]> k of the water in c, 
M Upon that in a, and keeps it elevated in the tube; for the 
opposing piessmre necessary for its eqmlibrinm, is out off ihe 
end 1 being closed. But if we perforate the upper extremity 
of the tube, the pressure of the air becomes equally exerted on 
the water in a and c, and accordingly in each it acfjuires the 
•line level, li liie tube a b be ol' any length under about 
«itt]Mbree feetyihe pressure of die atmosphere upon the sur- 
of the fluid in whioh its open end is immersed will be 
sumcient to keep it ibil of water, when it had been preriously 
filled with, and inverted in, a cistern full of that fluid. 

184. ij, instead of filling and inverting the tube. t!ie upper 
end be connected with a good exhausting pump or syringe, and 
4e air in its interior removed,, tlie pressure of the atinosj^here upon the water 

• mdie eistsrn, in whidi its lower end is immersed, will force 
w liquid into its interior, up to a certain elevation, averag- 
ing about thirty-three feet* At this elevation, die column of 
water l>e< omes balanced by the pressure of the atmosphere; 
and, of course, any change in the pressure of the latter will 
be aileuded by a correspond inrr change in the elevation of the 
WSler in the tube, formm^ a barometer, or measurer of aerial 
prnnire. An instrument constructed in this manner, has 
Deen erected in the hall of the apartments of the Royal 
society, and its indications are highly interesting and delicate. 
Water barometers, in consequence of their length, are ex» 
tremely inconvenienT, and accofdiogly the mercurial barome- 
ter is universally employed. 

185. Mercurial barometers are constructed on the same 
pvMples as the water barometer, but the tube being filled 
^th a fluid 13.58 times heavier than water, is required to be 

Tshj times .as long as that of the water<barometer. A 
polumn of merrury, thirty inches in height, exactly counter- 
balancing, at avenige pressure, the downward force of a 
column of atmospheric air of the same diameter. To con- 
fjjact a mercurial barometer, select a glass tube ▲ a, about 
wiitr*tvo inches in length, and fill it carefully with very 
Poie mercury; then, closing the end a, with the finger, im- 
^prse it in the Tessel of mercury c. On removing the flnger, 
the mercury in a b will fall to a certain di.stance, leaving a 
(»lumn, in the tube, of a height corresponding to the atmospheric pressure at 
tte time. 



Fig. 113. 
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• BoyM works t Dr. 8liaw*s edition, ITU^ irel. U. p. 180. 
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The tpm «bove dd, unfitted witli merciirr, t» the neoMflt appmch tt> a 
perfect ▼•eaam which can be procured by art ; for, on depressing: the end ■ 
deeper in the mercury the whole tube becomes completely filled; the fluid 
metal airain falling on elevaiiug the tube. The spa(;e above D» tx^ntaios a 
small quantity of mercunai vapor, and is ttjrmed the Torrioelliaa vamum, 
from its having been fl»t obterved in 1643 hf Tonioelli, a pupil of Galitea 
The hei|^ of the meicnty m the tube, is always meaaoieil ftom the surface 
of that in the cistern c ; and this eloTBlion is the measure of atmospheric 
pressure at the time. The elevation nssnnied rs tlie staiulard in this country 
is thirty inche«| and to this, all measurements and weights of gaseous bodies 
are referred. 

Several modiOcations of the barometer are in use, as the syphon, aad 
wheel haiometers; their theoretioal aetioo i« the mne as that of the atmight 
tube above demihed. In the oonatrnction of these instruments^ great cats 
is lequired in freeing the mercury from air ; this is bestelSsoted faf boiling the 
fluid metal, and introfUK-ing it into the tube wliilst vrarm. 

186. When it is required to make very accurate observations on the pr. <- 
sure of the atmosphere as indicated by the length of the column ot mercury 
hi the barometer ; care must be taken to make certain oonrsetions for the 
4emperatuie of the air as infloenoing the expaosioo of the merauiy. On this 
account all ascntately lepotted barometiie observations are supposed to be 
made at a fixed temperature, which is generally that of fVeezing water, 32^ 
Fah. To correct a barometric observation for the dilatation of the mercury 
by the heat of the air, we must bear in mind that this metal dilates y,,'^^^ 
ol" iia bulk for every degree of Fahrenheit's thermometer above 32°, it then 
we subtract the ten-thousandth part of the observed altitude of the mercurial 
colnmn, for every degree by wldoh the temperatofs of the merenry is afaov<s 
S2^» we shall have the tme height of the column at a fieeving tempemonu 
This oorrection for an observed elevation of 30 ioohes at a teaipentaro of 
69*' is -054 of an inch. 

The capillary repulsion (25), by depressing the surface of tlie riiercury, is 
another source of error, and must be allowed for in Uie estnuHtiun of the 
height of the haionieter. This increases with the decrease in the diameter 
of die lube. Its amonot is shown in a table already given (31). 

187. To obtain nocumtely the mean diurnal hei|^ of the huometer it is 
necessary to observe the Iieight of the column of mercury every hour, during 
twenty-four hours, and to take the mean ol" these observations. This tedious 
process can, to a ^jreat extent, be avoided: for a French philosopher, M. Ra- 
tiiond, has proved tiiat at noon, ilie eievauuu ul tiie mercury corresponds 

almost eiactly with the mean diurnal haight. 

The eolnoin of meienry, in the baronieter, undergoes several legnlnr y«k^ 
ations in the course of the day ; they are termed horary vanationt, Vma the 

observations made at the equator by Baron Humlxjldt, the maximum eleva- 
tion takes place at nine o'clock in the morning; past this hour it lx«comes less, 
until four, or half-past four in the afkfn*X)n, when it attains its minunuia; 
it again ascends until eleven at night, when it reaches its secoiul nuiximum j 
and onoe more descends to four o'olook an the morning^ after which it re«s> 
eends tmtil nine. Thus every day, the mercnrial column is at its lowest dis> 
vation at four in the morning and aAernoon, and at its greatest, at nine in the 
morning and eleven in the fvening. The amplitude of these variations is but 
small, being calculnted hy iiumlxildt at only 0*07874 inch. In Europe, these 
horary variations become masked by changes of atmospheric pressure, de- 
pending upon accidental causes, which, at the equator, are nearly withotti 
action on the barometer. As At as these horary variations have been ob> 
served in our Mtbem latituclesb the maximam in wiwer iMPpeus to be at 
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tiiB» in Hie morning, the miniraam at Ham ia tfad aAflraiCMn^ and the second 

maximum at nine iii the evening. In the summer, the maximum elevations 
are at eiy,ht in the morning', and eleven at nightj the minimum l)oinj:2: four 
in tiie aiternoon. In spring and autumn, the times of these vanauons axe in* 
termediate with those of summer and winter. 

188* Among many important nset of the baromeinv nmik be mentioned ili 
application for the purpose of meamfing beighti. Aa we aaoand horn the 
level surface of the earth, the cohimn of atmosphere, pressing on the merouTjr, 
becomes virtually shorter, and consequently the fluid metal falls in the tube. 

The increase of raniy oi the air, as we ascend alx)ve the surface of the 
earthy has been already mentioned (ISO) j the following is a view of the cor- 
.teqwwding enbaideoee of the meieaiy in the banxneler, at teveral elevatkme. 

At the level of the sea, the mercury stands at 30 inchesi 

6,0UU feet above 24-797 
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Henoa the sabsidenoe of metvniy In the bamrneter, as we ascend moon* 
tains or other elevationS) affords Taluable data for calculating their vertical 

height. 

189. From the density of the atmosphere diminishing aa we recede from 
tljc earth, we learn that gases increase in volume, as the force 
acting upon them diminishes id intensity. This has been long 
teoopiiaed as the law of MmrioUt^ and is concisely stated thus : 
'*tAf pohmiet of gases are in the inverse ratio of the-ptmures which 
they mpport.^' The truth of this is readily demonstrable : let 
some int?rcury be poured itito a glass tube abc, having its end 
c carefully closed and by gently inclining it, let the fluid metal 
flow into the shorter leg, until it stands at the same lever in 
boiht as up to the dotted line nx. The space cb will, conse- 
quently, contain a certain bulk of atmospheric air, submitted 
to the ordinary pressure of the air through the open tube a. 
To cx>mpress this oir into one-half its volume, pour mercury 
into until it stands at an elevation above the line de, equal 
to the height of tlie barometer at the time ; the air in c will 
thus be submitted to a pressure equal to that of two atmo* 
spheres ; one, of the atmosphere itself pressing on the mei^ 
cuTV in a; the other, of t!ie column of mercury in the tube 
alxjve D, which in an average state of atmospherie pressure 
will be 30 inches in length (ib5), and therefore, equal to the 
pressure of one atmosphere ; and accordingly the air in c be- 

oomes com pre ssed to half its original bulk. This law has been verified nn* 
der a pressure of twenty seven atmoi-plit ros. A necessary consequence of 
the law of Marnnttc is, that the density of gases is in proportion to the pressure 
to which they are aposed and consequently, under a pressure of 770 atmo- 
spheres, air would become as dense as water. 

1 90. In consequence of the atmosphere, in average states, being capable of 
supporting thirty inches of mercury, it is easy to calculate the pressure upon 
each square inch of surface exposed to its action, by ascertaining the weight 
of a column of meieury thirty inches high, and one inch square. This will 
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b9 Iband to b» verf neaiif equal 10 Mm POQIkIb, which is therefore 

?nmed as the amount of prf^-^^ure on every square inch of surface exposed to 
tlu' aimo«iphere. This pressure csorresponds very nearly, to that of a column 
of atmosplieric air tive and a quarter miJes in length, if of umlbrm density^ 
hut, as this diminishes in proportion as we rise above the level of the see, 
the air really eilemli to a mooh greater eleralioii (180). If theaarlhoeof aa 
adult be oonsideiied as equal to 2000 sqwe iochABi the pnssure exerted oa 
bis body by the atmosphere, is equal to the enormous amount of 30,000 pounds 
or nearljr 14 tons, a force more than sufficient to crush him to atom*:, were it 
not opposed by the equal and contrary pressure ol the aeri- 
form and other iluids conveyed in the cavities of his fianie. 

191. For the purpose of examining ihiB cAoH laanhiiig from 
atroospherio pressure, an exhauating syringe) or aii^pmnp, be- 
oomes a necessary pkoe of apparatus. These Sastnunente aie 
constructed on the same principles : the former consists of a 
barrel, Br, of metal, furnished with n screw nt r, for the purpose 
of connecting it with any apparatus re(|inre<l ; at a is a valve. 
Opening upwards. The piston zu moves air-tight m the barrel, 
perforated at a, and there famished with a Yalvoi also opemng 
upwards. Gennecting this syringe, by means of the screw c* 
wHh anf piece of apparatus, let s be drawn np to a bf raising 
the handle n, and then depressed ; the air inclosed between k 
and ▲ will escape through the valve e ; on again elevating the 
piston E, a vacuum is formed befvvpeu t. and a; air rushe- la 
through A. to fill iij and on again depressing the piston, thu 
escapes through the Talve B, arid so on. Hie air In the Tee* 
sel connected with o, becoming each time move rarefiedf and 
ultimately aflbfding an approach to a vaonnm. 
102. As this process is exfromcH' tedious, and in proportion as the air 
becomes more rarefied, the exiemnl atmospherp, pressing on the piston, ren- 
ders it laborious to elevate it, — this syrmge has given way to the air-pump, 
constructed with two similar barrels, connected by a tube with a perforation 
in the centre of ^ smooth plate of Inass, on whioh stmng glass iresaels, called 



3 



Jcr 




receivers, are fitted air-tight. By working the pistons, hy infnn'! of a co^- 
wheel and radcwork, the labor of exhaustion becomes much dunini^^hed. 
AA are the two barrels ooramnnicating by the tube i, with the apertnie e, In 
the centre of the ai^pmnp plate. In the earlier maoUnea^ the barrels were 
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connected dircctlj with a large glass globo, io wbiflli thiS sabefiiee 1o be 

experimented upon was placed.* 

As by means of these instruments, the air, in a vessel connected with them, 
is only excessively rarefied, never becoming a p&rfect yacuum, it is frequently 
a mstler of imponaiuseio measure the degree of larefoctionof theindudedair ; 
for this purpose the open top of a faarometar tube is connected widi the tnbe 
I, its lower end being pltinged in mercury. On placing a receiver over c, 
and pxhnnstinf? the air, the mercury is forced np into the tnbe by the pressure 
of the attnosphere ; and the nearer its iieight corresjx nii U to that of the 
bartuneter at the time of the experiment, the nearer the air iti the receiver 
appioaolies to it state of perfect ezhaustioa. Another mode of gauging the 
degree of ezhauslioa is, bgr immersiiig the end of a tube, eight inches in 
length, in a little vessel of mercury, with which the tube itself has been pre- 
viously filled ; on placing this under the receiver on the air- 
puinp plate, and exhausting the air, the mercury i>eigiiis to 
iall in tiie tube wheu about one-fourth of the whole air in 
die reoeiTer ie lemoyed* and by its continuing to subside^ 
ss larefoction pxooeeds, inibrms ns of the degree of exheus- 
tion, 

193. When the density of the air is required to be increased, 
tlip condensing syringe, the fonverse of the exhausting syringe 
(ii)i), is employed. This consists of a brass barrel, furnished 
St a with ft valve opening downwards.; a perfoaitkn is made 
in die side of the beneel at a. On serewing this ssrringe on 
a strong metallio ve ss el ^ end raising B above the opening at a, 
all the space between n and e becomes filled with air, and, 
on depressing the piston, this is forced through the valve e, 
into tlie vessel screwed on c. On again raising B, air cannot 
esospe through s, beeanae the vaiye opens downwards; and 
sa depieasiag die piaion, a fresh portion is loveed dirough s 
into the veesel, and thus the condensation of several volumes 
of air into a ^^rrjall bulk l)ecomes effected. 

194. By means of these machines, many liiubly interesting experiments, 
illustrating tlie general properties of the gaseous bodies, may be performed. 
The foik>wiug are examples of these : 

JSmdnHmg Jbimphtric Pmmart, 

(A.) Place in close contact, the two brass hemispheres ab, and connect 
them, by means of die screw c, with the hole in the centre of it in the air* 
piunp plate (196); exhaust the air from their interior, close the stop-cock 

remove them from the air-pump, and screw on the handle f. On then 
attempting to forciljly separnte a from b, it will be found nearly impossible, 
hy any moderate exertion of suength, to eiti d this: for they will be pressed 
tugeiher by as many times Hfteen pounds as there are s^j^uure inches on the 
sorlaGe. lliis apparatus is well known as the Madgeburg hemispheres, (kom 
iu having been invented by Otto de Guericke, burgomaster of tliat town. 

(E) Pour some mercury into the cup a, excavated in the sul^stance of a 
piece of wo<xl screwed on to the top of the receiver b, and place the whole 
on the air-pufup plate. On exhausting the air from b, the iiu rcury will be 
forced through ilie pores of wood into tlie receiver B,iu tiie Ibrm of a metuiiic 
shower, by the pressure of the external atmosphere. 




• Boyle's Works, vol. ii. p. 403. 
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Illustrating the MaslicUy of Air, 

(C). Remove the jet b, from the vessel a, and screw on tTie condensing' 

syringe ( 1 92), having previously half filled a with water ; 
Fig. 120. on forcing air into this vessel, it will bubble up through 




the water, and rise on its surface bd. After working 
thepisloitibraAiwiiiiinileSiClotethe itopooefce,nmov» 
^e sytinge, and aosewon the jet The oondenied air 
will press upon the surface of the water in a ; and on 

opening the stop-cock, will force it out in a jet, forming 
a fountain often rising to a very considerable elevation. 

(D). Press together the sides of a bladder, so as to 
nearly empty it i air, and tie it tightly at the neisk; plM 
it under a reeeiTer on the air-pnmp plate^ and exhrnft 
the air ; as soon as the pressure of the latter becomes 
removed from the surface of the bladder, the elasticity 
of tlie small quantity of air left in it comes into play, and, 
expanding according to the law of Marriotte (150), forces 
the sides of the bladder asunder, and expands it. On 



readmitting air into the reeeiTer, the small qoBBtitf left 
In the bladder oontraots to its former, bulk ; and causes it to appear at empif 

as at first. 

(E) . Place a vessel of spring water under the receiver of the air-pump, and 
exhaust the air; as soon as the pressure of the atmosphere becomes removed, 
the air dissolved in the water expands by its elasticity, forms large bubbles, 
and escapes from the water, giving to the latter the appearance of being in a 
Male of slow ehuUltkm. 

(F) . On placing baked apples, rairint, or ihri veiled fhdc, under the receivet 
of an air>pump, and removing the pressure of the atmos})here, the air they 
contain expands, and dilating the integuments of the fruit, gives them the 
appearance of ripe plumpness. On readmitting nir into the receiver, this 
artificial and delusive appearance vanishes, and the iruit appears as shrivelled 
as before the experiment. 

(G) . Ptaoe a glass vessel half full of hot water under the air pump receiver; 
as soon as the air is exhausted, the water will begin to boil violeatif, wed, 
rapidlf evaporate, to fill the partial vacuum pioduoBd bf the exhausiioa of 
the air in the receiver (d97). 
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CHAPTER VHL 

>J» U— -PTITAMICI.) 

PrVMure against the sides of vessels, 195. Theorem of Torrtcetfi^ 196. General 
law of Currents^ 197 — lateral Reaction of 198. Velocity of FIM through 
Narrow CkamuU, 199. Fountains^ 800. JFVMm 6c<tMen Fbddi and SoUdt, 
W t i fteHwii FhiUb anhf, 202. Proptrtiet G^mom OmrnHt$,WB. Jtriti 
eurrent and unndt, 205. Wavet or Undulationt of Air^ 206, 207 — RefUxion 
and Interferenre of aO§. Pmip$t 210— % i*<m^ 313— JSov'i i^«iMtaifi| 216 
^Hydrautic Frm, 

195. Wnv a liquid, 88 water, is coptained in wf voiMi, tba aidat of iIm 
latter beooma eiilMiiitted la tha inflamoe of two oppoiad Ibmab ona aeliiig 
fioa, without lo within, and the other in the converse direction. The internal 

pressure arises from the weight of tlie column of fluid pressing against the 
Fides (154), and the external force is the pressure of the medium in which 
the vessel is immersed. If an opening be made in tlie side of a vessel so 
circumstauced, the surfiice of tiio fluid thus exposed is still acted upon by the 
wie Satoem aa had ptavionsly prepwd against the ponioaof thendaramoved. 
If the pwMura fiom withia to withont ha gneaiar than the pfesenra in the op* 
porila direction, the fluid will flow out of the opening, and* obeying the ibiOi 
4lf ipeavitation, la!) to the earth. But if the ex- 
ternal pressure is tlie most ix)vverful, the liuid Fig, 121. 
will not escape. This may be illustrated by fill- 
ing a glass tumbler, a, with water, placing a piece 
.of paper, bb, over its mouth, and carefully invert- 
log il. On holding it hi^iit diracstion, the fluid 
will not aaeape, for the upward pressure of tfaa 
attMOephere against the paper will exceed the ao« 
tion of the attraction of gravitation on the water . 
and accordingly the glass will remain full. 

190. Liquids, escaping from orifices in veaeels Ji jg 
oontalDing them, obejr the ibroe of gmvimtion, 
nnd their motioa beooraes accelerated in a cor- 

loipnnding manner, providing all mechanical obstacles, arising from friction 
•or Other causes, be absent. The expression of this fact is known as the the- 
orem of Torricelli, and may be thus stated : particles of fluid, on etca§nng from 
an orifice, possets the same degree of velocity as if they had fallen 
freely^ ta vaeuotjrom a hnght equal to the 4ietmieeo/tki9mface of 
lit jU4 obem m eetUnefUmor^ Floidsobejr this law widi- 
■ont any relation to their density, their velocity s(^l]r depending 
upon the depth of the orifice from which they escape, below 
the level of the fluid. Thus, if a vessel be filled with water 
to tlie height of the dotted line d, and three apertures \)g made 
in the side of the vessel at abc, the water will escape from 
each with very difierent Taiocitiea. At a, it will pos s e s s the 
same yalocilj aa if the particles of water had ihUeii in vaoao 
4fQm n to A, whilst at b and c the aaeaping current will possess 
the Mme .vntonqr M if di0 fiiwi 60in^ 




Fig.18% 
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to B and from d to c. From this fact we learn that two vessels perfectly fil ike, 
being filled witli fluid, and allowed to discharc^e a certain measure by simiiar 
• orifices, one of Umn being kept quite fuii by the addiiiOH of fresh Jluidj the quantity 
of water di^^charged in a given time front the latter veaaelt as oocnpared with 
the quantity escaping fcom that whidi was allowed to empty itMl^ will be 
as 3 to 1. 

The velOCtty of fluids thus escaping from orifices i?, ceeteris paribta, as the 
square roots of the depths of the orifices below the surface of the fluid. 
Thus calling the velocity of a fluid, escaping from an orifice one foot beluw 
the surface, unity : the velocity of a fluiti, escaping from a similar orifice 4 
feet below the level, will be 2 ; at 9 feet 3; at 16 feet 4, and so on. 

197. When fluids escape ftom lateral i^iertaies, tfacj describe paiafaplie 
durres, and obey the laws of projectiles (93) ; and when allowed to escape 
thiough a circular orifice pierced in the lx)ttom of a containing vessel, provid- 
ing the latter he composed of some veiy thin xnateiiai, the -following pheno* 
mena are observed : 

(A.) The particles of fiuid descend verncally, to within three inches of the 
botiDin, and then torn towards the orifice. 

(B) The sarilKse of tiie fluid gradually follSt remaining horiaontal until 
widiin a certain distance of the bottom, when it Ibnns a hollow oooe, imm^ 
diately above the centre of the orifire. 

(C.) The current of fiuid having escaped from the vessel, contracts in 
diameter at a certain distance from the orifice. 

(D.) Wben a fiuid escapes from an orifice made in the diin side of a yes* 
sel, the greatest contraction of the fluid vein takes place at a distanoe fienoi the 
orifice equal to half its diameter; the diameter of the contracted pOftion of 
the vein being 10 that of the portion nearest the orifice as 5 : 8. 

(E.) Beyond this contraction (D) the liquid vein continues to tUmnish in 
thiclcness, if moving from above to below, and to tncrcoM, if moving in the 
opposite direction. 

(F.) The surface of a fluid escaping by a lateral aperture does not fi>rm a 
hollow cone (B), but becomes depressed on the side in which the oriflee ezisfei. 

(6.) Every fluid vein, moving vertically downwMsfiom a ehcnlar oiific^ 
is composed of two well defined portions. The portion nearest the orifice ia 
perfectly transpf\rent, like a rod of orla<js or crystal ; its section is circular, 
and it gradually decreases in diameter, until it joins the second pcHiitJu of iho 
current, which is nearly opaque, and apparently much agitated, consisting ol" 
a multitude of drops, each produioed by an annular dilatation of a portion of 
fluid at the orifice of the vessel, and imdergoing, during the time of its fiiUing, 
a series of periodic vibrations, by which each drop alternately elongates aiMl 
contracts. A series of pulsations thus occur at the orifice of the vessel, ttmir 
number bein^^ in the direct ratio of the rapidity of the rnrrent, and in the in- 
verse ratio of the diameter of the orifice ; tiiey are icequentiy suiitoieutiy rapid 
to produce a distinct musical sound (218). 

(H.) In consequence of the oontraotion of the fluid vein (C) (D), liquids 
escape with equal rapidity from a conical tube, as Ikom a cylindrioal one of 
eqmil Isngth, providing the truncated apex of the former oorreqx»ds in rilaft* 
tion and section, to the point of greatesi contraction of the fluid current. 

198. In a vcppel full of water, the downward pressure of any cohimn of 
fluid, as AB, pressing on the horizontal layer cd, acts with a certam degree of 
force on the sides of the vessel (1«^) ; if then, an aperture be made at the 
pressure there becomes nnU, and fteda escapes, whilst the pressure remains 
aetiTeatn. As the pressure of bo agaimrt the side is removed, and thai a^itet 
BD continties in action; the v e s se l, if oarefidly snspended, will niofvie if 
peUed in a diieotion op|iosed to that of th* conrenl esoapiag flom €• 
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Fig. 134. 




The movement arising from this reaction against the sides of the vessel, is 
rendily illustrated by means of the apparatus abc, oo!i?istinu^ of a large glass 
tube, A, closed at ixith ends with corks j two tubes, cm, bent twice at right 
angles, are fixed in the lower cork, their ends at xf being bent in opposite di- 
■eetkiQa. Fill a with wat^, place the oork • in its place, and suspend the 
wholes fagr the tfaraaHl fiom the ceiling. The apparatus will lemain at xest, 
for no fluid can escape, as the pressure of the air against the open ends p«, is 
more intense than the gravitation of the fluid (105). Then remove the cork 
«; the atmospheric pressure will act on the water iti a, Ibrcing it through tho 
tuU^;» BC, and e^jcaping at F£, producing a rapid rotation of the apparatus, m a 
diiedkm oontniiy to tint of Uie correntof escaping fluid. 

IM. When floids pass through a tube, or channel, whose section is greater 
at one part than another, the velocity of the liquid is neoesmrily 
grtn^tpr in tho narrow, than in tlie wide parts, as the same quan- 
tity niit»t pasd tiirough every part in the same tiriic. Thus, if in 
the tube ab, water be allowed to run through lu a stream, so as 
10 keep it eonsiantly fhll, its Teloei^ at en will he much greater 
tei when traversing the wide fMtfta, iv. The momentum of 
tbe fluid will be equal in every part; for as it is equal to the 
f|imntity of matter multiplied by the quantity of motion (71), 
aUUfiugh the (quantity of fluid contained in co, is less than in ef, 
yet its velocity is proportionably greater. For the same reason, 
wheo watnr flows ihioiigh a fiumeti its veloeiQr is nnidk greater 
when passing through the tube than when ttmrersing through 
the wider part of the instrument ; and hence, also, the current 
of rivers more rapid nnder the arches of bridges than at any 

OthfT part. 

2iX). Springs and fountains are formed by some concealed 
la s uiw ir of water esoapiug through a cleft, or Assure, in the rocks containing 
the snppljr of fluid. On the water esca|dng^ it possesses a velooitf regulated 
asoording to the tbeoreia of Tbrricelli (190), and therefore suflteient to pfO> 

ject it upwards in the Pirm of a jet dVnu. Artifirial fountain aro ronstructed 
on a similar principle; thus, if the tube ac be tilied with water, it will escape 
from the aperture at c, in a jet rismg to an elevation somewhat less than that 
of t2)e column of water in a ; according to the experiments of Marriotte, ai> 
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Fig. 126. teining att iieratkm of 5 fhtit, if th& oohnnn of wMr in 6w 
leaemir ba 5 feet 1 inch high. The elevation of the jet d'eau 
^ would be equal to the height of fluid in the reservoir, if all frio* 

1 f tioii from angular bends or projections. &c., as well as the resist- 

ance of the atmosphere, were removed (42). The greatest ele- 
vation, ccElens paribus^ is obtained when the fluid escapes through 
an aperture pierced in a thin plate of metal, avoidlDg rU ewiiiMl 
termioalioiis, or ajutagti, 

201. Fiiodkm isihond totake place I^etween solids and fiquidib 
and even between the paitides of fluids themselves. A stream 
of water is always more rapid in the centre than at the side-*, 
as, being deeper there, the current flows on the surface of lower 
strata of fluid; whilst, in the shallower portions of the river, the 
water is exposed to die fiietkni of the rough and mieqnal bottom. 
In the centre, also^ tiie stnam is somewhat; more etevated tbaa 
at the sides; as in its rapid course, it draws the water from the sides of the 
river after it, by the friction of its particles. 

In the aj'titage, or escape-pipe, of a fountain, a similar fact is observed ; for 
if it be bent abruptly, and not with a regular and gradual curve, the passage 
of fluid becomes much obstructed. Thus, fluids escaping under equal pres- 
sures, will rise much higher if jiassing through the tnbe a 



Fig. 127. Fig. 128. Fig. 12^. 




202. The friction of (fluid) particles is illustrated by an experiment of 
Bernouilli: he found that water, in passing rapidly from tlie narrow to the 
wide end of a conical tube, ab, would empty the vessel c, filled with water 
and oommanioating with ab, by a small lateral tube. Dr. Barry found that a 
similar effect was prodnoed by a desoending ennent; ibr when water was 

' allowed to flow rapidly from ▲ to a, a vessel, a, oommnnioating with by 
the tube d, became rapidly emptied. 

In the circulating system of animals, an arrangement of the blootl-vessels 
is frequently observed in accordance with these principles, so that a ciurrent of 
blood passing along one vessel, may assist in emptying a lateral branch ; or 
two cnrrents entering a larger trunk at the same point, may thus exhaust the 
contents of ft small venel entering between them. In the haman body, the 
tomination of the left spermatic vein in the renal vein, and that of the tfm* 
racks duct in the angle formed by the internal jugular and subclavian veins 
afibrds remarkable eiamples of snch hydraulio aimiMements in ^■*imnl 
structures. 

203. Elastic fluids, or gases, offer no important exceptions to tlie above 
laws; in escaping flom lateml orifices, they prodnce a similar reaction against 
the <^posita aidcb and corresponding modsiioy to moiioiH aa In tlMi owe af 
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denser fluids (198). This may be illustrated by a veiy ootumon toji HOW 
made by all glass- blowers, consisting of a globular ves- 
sel B of thill glass, resting on a pivot at a. From the F^, 130. 
opposite sides of the vessel proceed two tubes, bent at 
ii{^t angles near their terminations. When a little 
water Is placed in the vessel, and heat applied bjr 
means of a spirit-lamp, it will become converted into 
steam, and give to the apparatus, on escaping from 
liie lateral tubes, a rapid rotatory motion. In the opin- 
ions of most philosophers, eiaslic fluids also appear to 
obey the conditions of the theorem of Tonricelli, when 
esoBping under the influence of pressnre* from orifioesi 
unless the dilference between the external and intei^ 
nal pressure be Very considerable, in which case the[f 
offer some exception to tliis law (196). 

20 L It is also extremely probable that, like denser 
fluids, gases nndergo, when escaping fh>m apertores^a 
oootiaotion in the diameter of the cnrrent; the area of the section of this ooi^ 
tnelion appears to be equal to that of the orifice through which the gas is 
escaping, multiplicfl by the decimal O Gl or 0*62. 

One very remarkable phenomenon, connected with the escape of a current 
of air under considerable pressure, must not be passed over silently. M. 
Clement Desormesf has observed, that, when an opening, about an inch in 
ilismeter, is made in the mdt of a reservoir of compressed air, the latter 
rashes out violently ; and if a plate of metal or wood, 7 inches in diameteri 
be pressed towards the opening, it will, after the first repulsive action of the 
current of air is overcome, be apparently attracted, rapidly oscillating within 
a 9hort distance of the opening, out of which the air continues to emit with 
considerable force. This curious circumstance is explained on the supposi- 
tioni that the current of air, on escaping through the opening, expands itself 
into a thin disc, to escape between the plate of wood or metal, and side of 
the reservoir ; and, on reaching the circumference of the plate, draws afler it 
a current of atmospheric air from the opposite side, in a manner, probably, 
analogous to the case of friction between particles uf iupiids alrea dy di'scabod 
(202). The plate thus balanced between these currents remains near the 
apectare, and apparently attracted by the current of air to which it is opposed. 

205. When die air is made to assume mottoo, the currents product are 
denominated windS|aod are tolerably uniform for a given space. The fol- 
lowing table| gives a view of the rapidity of currents prodooing winds of 
Tarious forces : — 

Bapidity of motion 
per second. 

1 64 feet. • • scarcely penseptiUe wind. 

3*18 -— , . . sensible breeze. 

6'56 — ... moderate wind. 
18'04 — ... brisk wind. 
32'80 — ... strong wind. 

t IhsloUowiogfonaala is Benioaiili^s expw Mi oa ibr the velocity of aa ^/KsiMBf g»: 

P 

v a vstoelty of the gas ; p iafsmal, and ji' external, pressure ; and 9lr « a co-eMsat 

eqao! to 1 S'i'itO for gases at the if>mp*»rature of 32^ FahMiUieit. 
t Annale* de Phys et Chiin., xxxvi. p. t>9. , 
% Ann. d« barean des longitades pour 16S8. 

13 
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65-70 feet • . . vir!rnt wimi 
73-80 — . . . teu)}»est. 
58-50 — . , . . violent tempest 
H8 U8 — . , . liurricane. 

147 CO <^ . . . yioleiit burnean^, tufliciently poweriiil to tnz 
up trees and prodnee the most violent InecliAiiicAl eflecta, 

Marriotie IiRft shown that a wind moving at the rate of 12 78 feet per 
second, imi>inges against a surface of 395*67 squaie inches with a foice equal 

to 2696 grains, or more than 5^ ounces. 

206. Wlien elastic fluids or gases, as atmospheric air, are submitted to me- 
chanical force, tliey are capable of assuming certain alternating moyeraents, 
analogous to the vlhratioDB of solids and imdulations of water (77, 171), and 
other non-elastic fluids. These motions of gases difler, however, in some par- 
ticnlars, from tfiose assumed by water, in consequence of their physical con- 
dition, their components hein?? lield together with a very weak attractive force 
Suppose a certain amount of force of momentary duration be applied to 

a particle of air a. Under its influence, its atoms for 
Fig. 131. a moment fly asunder, and the particles dilate equally 

in alt directions, ro as to fill a laiger space, as a. Now 




in thus expanding from a lo a, it follows that the aif 
previously contained in the space ab must be driven 
off. Now its inertia (41) opposes an obstacle to this 
taking place; it accord intjiy Ix'comes momentarily cchv 
dcnsed, its atoms approximating under the influence 
of the expanding fbioe of A, The Jparticle a then con* 
tracts, but its elasticity again causes it to dilate* and 
these alternations continue until the eflfccts of the ap- 
plied force are lost, and the particle a obtains its state 



of rest. The concentric portion of air b, rr>mpres«#>(l 
nnder the influence of a, in its turn, dilates and acts on a shell of air external 
to it ; tliis, iu its turn, on another, and so on j thus the initial force aciuig on a, 
exerts its influence on concentric portions of air, its effects becoming less marked 
with each, until it becomes too feeble to produce any efiect on more diatant 
portions, as in the case of the ripples of water (173). 

207. In the case of these oscillations., iMtdulations, or puhet of air, it is obv> 
ous that we must regard them as extending equally in all directions in tbe 
free air, and limited only by the shape of the containing vessel when the ajr 
is conjfined in small spaces. Therefore the effects of the united oscillations 
or pulses extend equally in the course of radii from a centre to every poiut 
of the snriaoe of a sphere. 

In these a^ial undulations, on leferrlng to the last figure, it is obvious that 
the portion of air a will have expanded to a, and contracted to its smallest * 
limit at the moment that b attains its greatest dilatation. The ^imre from th*» 
centre of a to the surface of & is terme<i a wave, anrl a line producod iiooi A 
to B Will represent the length of the wave, undulation, or pulse. 

208. The remarks made on the refieotioti, transmission, and interference of 
nndnlations of non-eIastk» fluids, equally apply to the eiaslic fluids or gaset. 
Two waves of air moving in the same direction will exert an influence oo 
surrounding air equal to their sum, and if in opposite directions, to their difier- 
ences. We shnll have, however, again occasion to return to this subjert when 
treating of the oscillations of ether (552), iu explanation of the theory of light 
and heat. 

909. The applicatiQUs of the physical properties of fluids to the purposes 
of domestic economy, and the wants of civitiaed life, are extremelj important, 
•nd aflbcd tome important objects of study to the mechanic and eogineei. An 
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ooOlne of die mode of •etkm of a very few of Iheae TalimTde praaenis of 
Mieneo lo art, wiU not be misptaoed in this chapter, as tbef will afod an op« 
portonity of explaining their mode of actioo to the student, on tfie prinoiplM 
already laid down. 

210. Among the varioiist instalments used to elevate fluids above their 
former level, those termed pumps are the most important. Their theoretical 
eoutraotion is extremely simple : they may be divided Into two chief seotions ; 
the first Including the sncking and lifting; the other, the fi>roing pumps. 

The sucking or suction pump, as it is inoonreetljr termed, oonsists essentiallf 
of n hollow- cylinder ab, having a valve K, opfnin^ up- 
wards, tixed m its lower extremity. A piston c, furnished 
with a valve, also opening upwards, moves in the inte- 
rior of the cylinder. If the lower end of the pump be 
immersed in water, and the piston be depressed to a, the 
air between cx will escape by the valve in c, and on ele* 
vating the piston, a partial vacuum is formed below c j 
which the water rushes in, through e, to supplv. On 
once more depressing c, this water elevates the valve in 
the piston, and passes through it, so that on agani elevat- 
ing c, a eolumn of water is raised with it^ which even* 
tually escapes thioagh the side tube, or sprout B. On dins 
continuing alternately to raise and depress the piston, 
WRter mny be raised from the reservoir in which the lower 
end of the pump is placed. The action of the lifting pump 
is so similar, that a distinct account ui it is unnecessary j 
as ttsnalljr constmcted, it differs chiefly, from the pump 
just described, in the piston entering the cylinder iVom 
below, instead of from above. 

511. The forcing pump differs from the \n^t in the position of its yalves: 
the piston B rno\ ing air-tight in the cylinder fr, as in the 
sucking pump, but has no valve. A valve opening up- 
wards Is fixed in the lower part of the cylinder ; and at 
e, a lateral tube, ei, is fixed, having a Talve, n, opening 
upwards. The nOkmle of the action of this apparatus is 
very obvious: on b being depressed to c, the air is force l 
through the valve n ; and if the pump has its lower end 
plunged in water, on raising b, the fluid will rush through 
c, 10 supply the partial vacuum thus formed. And on 
diBpressiiig the piston, this portion of water will be fiuoed 
diroogh the valve d out of the nde tube es, as, In conse- 
quence of the yalve c opening upwards, it cannot escape 
downwards. 

212. The most valuable acquisition to modern medicine, 
the well-known stomach-pump, is an instrument of this 
description; the tnbe introduosd into the stomach being 
alternately connected to the lower end, or the side tube i, 
according as it is required to inject fluid into, or to empty 
the contents of the stomach. A glance at the mn struct ion of these pumps will 
be snfHcieat to point out their similarity to the air-pump (192). In the ordi- 
nary pump, on raising the piston, water instead of air rushes in, and, on tiiat 
sooount, the valves do not require that excessive care in their constmction, 
which is necessary for the proper action of a good air-pump. 

In all kinds and modifications of pump?, or other instruments by which 
M'-aff'r ii rai«ef1 aly>ve its former level by means of atmn<5pheric pressure, H 
must be teoollected tliat tliey ate limited in action to a distance of about S2 
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or 33 feet (184}, above the level of the water they are acting upon, as a 

column of water of that length is very nearly equal ia 
weight to the pressure of the atmosphere. 

213. The well-known hydraulic instrument, the sj- 
phon, oonsiBtfi, in its nmplett ibnn,of a bent tubevABC« 
having one of its branches longer than the other. On, 
immeraing its shorter leg in a vessel of water, apply* 
ing the month to c, and exhausling the air, the pre*- 
siure of the atmosphere on the fluid de will force it to 
ascend in the tube; as soon as this has become ill led 
witfi water, remove the end c from the mouth, and 
the water will eontimie to flow through the syphon 
until the vessel is emptied. The theory of its action 
is simple ; let sb be the short and sd the long leg of 
the syphon filled with water. If the leg sd terminated 
at 71, the pressure at b and n would be equal, and no 
fluid would escape, but sd being longer than bs by the distance ru/, there must 
Of necessity be greater pressure exerted at d than at 6, and 
hence the water escapes at possessing the same Telocity at 
if it had fallen flreely ftom n to li If 6 is immersed in » Ye»> 
sel of water, the pressure of the atmosphere will cause the 
latter to rise in the tube, and thus by this instrument the ves- 
sel is readily emptied. The length of the legs of the sj^phon 
is calculated from the top s to a line corresponding to the 
level of the fluid in which the short leg is immersed. If the 
kag leg of the sjrphon be immersed in the water instead of 
the short one^ and it be filled with the fluid by exhausting it 
with the mouth, the upward pressure of the air against the 
water in the shorter leg will be sufficient to drive it back into the vessel : 

consequently no syphon will act, unless the leg 
outside the vessel be suflicientiy long to reach be- 
low a line corresponding to the level of the fluid. 

214. A tube^ abc, with its extremities carved 
upwards, is a useful modifloaticfi of the sypbon ; 
its action is readily understood. Being fiUe<i with 
water, and one of its legs immersed in the vessel 
D, the column o^ fluid above a will press upon the 
water in the extremity of tlie tube, and no corre- 
sponding pretsnie being applied to the flnid in c, 
it overflows and eacupeB Aom the orifiee, ibrming 
a little jet d'eau. lliis insiroment is termed the 
Wirtemberg syphon. 

The well-known scientific toy, called Tantalus's 
cup, consists of a glass vessel (fig. 137), in which the bent tube abc is concealed. 
The long leg ▲ passes out through the stem of the cup ; on pouring water into 
this glass, it will hold it lilw any other vessel, until the horiasootal branch a 
beoomes filled, and then the water will escape throagh tlys syphon, undl it 
fidls below the orifice of the leg c. The mouth of a little image is often fixed 




Fig. 136. 




at B, 10 represent the Jabled Tantalus; and as soon as the fiuid rises to 
lips, it escapes through the syphon. 

215. Another philosophic toy, (fig. 138,) illustrating some of the principles 
already laid down, is known under the name of Hiero's fountain, and consists 
of two vessels conneoted fay the tubes ab, the tube b connecting the upper part 
of e with the upper part of b; whilst ▲ passes ahMlgJit through B^ooonectiag 
the reservoir Bvdib Uiebotloniof the vessel c, a jet tube passes thtooi^ there- 
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servoir e and extends tn the lower part of d. — To use this apparatus, the 
vessel o and the reservoir s are nearly filled with water. The water placed 
ia B ftllt down the tnbe ▲ into c, foioing the air contained in the latter up ■ 
into 9 above the inriaoe of the water in which it colleeti; more water ftUling 
down A, a laifer qoantitjr of air is Ibvoed thioui^ n hm 9 ; this eventnalljr 
becomes so conipressed as to act with great force on the water in d, and 
forces it to rise through the tube f, in the form of a jet d'eau. The mode in 
which this apparaUis acts is, consequently, analogous to that of the compressed 
■fr^bontain (194 C), differing only in the manner in which the compression 
of tfie incloded air is efieeted* 

Almost every instrument by which water is raised to way elevadon, aols - 
more or less directly through the medium of atmospheric pressnre. A com- 
paratively small number depend on ordinary mechanical means for producing 
their effect, as the screw of Archimedes, the Persian wheel, the chain pump, 
dec., whilst the rope-pump depends upon capillary attraction for its action. 

S16. The comparatively incompressible cfaaraeter of water is made avaikip 
ble as a power All mechanical power, in Bnmah's hydraulic press: this oele> 
brated and valuable piece of apparatus consists essentially of a very strong 
water-tight box, the top consisting of a kind of piston, the upper end of which 
touches the substance to be submitted to pressure. The water-tight box, being 
filled with water by means of a small pump connected with it, the upper 
end of the piston presses Ibicibly against the snbstanoe exposed to its action. 
More water is then pnmped into the alieadj^flUed vessel ; Mid, in consequence 
of the iawtliat no two bodies can occupy the same space at the same instant, 
•ometiiing must yield; and as the piston is the most movable part of the 
apparatus, it is pressed with an enormous ibroe against the substance sub- 
mited to its action. 

217. Currents of water are used as mechanical agents, in moving ma* 
diinery, by means of the well-known contrivances called water-wheels; and 

currents of air are made equally available in turning the sails of the various 
Amis of wind-mills. Indeetl, in whatever light we regard the general and 
peculiar properties of both the elastic, or comparatively inelastic fluids, we 
cannot help being struck by the numerous ways in which they are so admi- 
rably fitted to supply the wants of man, and by which they are made avai|a- 
'ble in adding to his various comlbrts, and ministeiing to his vantii* 

ir 




For further mformation on the contents of the laet three chapters, the student 
ihcmid refer to ike monograpbs in the Cydopodiw before referred to, and to 
the works of Dr. Gregory, Professor Young, Professor Ptatyfair, Poaillet, Biot, 
MuUer's Physioe^ Chap. III. to VI., and the three ohnptf^rs of Section III^ &e. 
The following ftie leferenoes to Newton's Prinoipia. and Euler's Letters: 

Ckap. VI. Newton, bk. ii. sect 5. 

VII. Newton, bk. ii, prop. '25, 2". ; Euler, vol. i. teU 9, Ifi, and TOl. iL let. S. 
Yin. Newton, bk. ii. prop. Jti, aud sect. 9. 



CHAPTER IX. 

Sonorous vUtratims, 218. Diffusion of Sounds 219— fi^cArd unieM a condudmg 
medium be preeenty 220. Sounds vary with condentaiion of air, 221. Laws of 
wtmnty of found^ 223. dreiMUiaum modifyingy 223* Cowiiimiiittiliow of 
mmd, 224— Fefecity of 226— Colm/ahon of distanm 221 —Conducting 
powtr of bodies fory 228. Acou^ic shadow, 229. Sonorous interfermcty 230. 
Passage of smmd through mixed mediay 231 2 — Rcffrdinrt nf 2'M. F.cho, '335. 
Mcfltitian of sound by curved Su) faces,236. Travs-rirse ribrahons, 'J 37. P!(in(s 
of vibraXwTiy 238. Musical notesy 239. Comparative vietv of vibrations prodw- 
tngy 24 1 . M, ^iot^t observations on tosionus waves, 242. Discords and cotuordsy 
243. JSoUa, 245. VitroHons of fixed rodlt, 246—4/ eoJHViiit (f or, 247. 
JUpsmUe figinsy 248. Mimcal mmSds tuohnd heaUd mttab, 2S0. 

218. When the air, or any other elnstic lx)tly, is made to n««iime a vibratory 
motion, consisting of a series of oscillations or undulations (207), repeated 
with sufficient frequency, a somd is prodixsed. During the existence of sodi 
iDOtionSytfie moleookur anangement of the vibiating body becomes alt^tedt hat 
acquires its normal state on their cessation. Thus, if a copper tibboOf 9 feet 
long, 0*4 inch wide and 04 thick be vibrated, its length will appear unaff*ected. 
Let a weight of 90 lbs. be fixed to its }nwrr extremity, and still no rh^irt^p 
occurs, but if again made to vibrate, its mrilecular arrangement will become 
permanently affected, as shown by its lengUi becommg increased 6 or 7 inches. 
When these vihiations take place hi a aniform and regular manner, as whoa 
a harp-string is struck by the ^ger, a perfect soond or Um0 is piodooed ; bat 
if the vibrations take place irregularly, and are not isochiODOiis, as in the ex- 
plosion of a pistol, a noise alone ensues. 

219. When isochronous (81) vibrations are (^xcited with snfficient rapidity 
in an elastic body, ikjI (esb than 16, or; nccordmi,^ lo ^ume, 30, in a second of 
time, their effects bccomcv transmitted by the exciiaiions of fresh and similar 
movements In surrounding bodies aiwl the air, extending on every side like 
lSb» grsdually widening eiicnlar ripples smroonding the spot when a flUUng 
drop of tain disturbs the sorface of a pool of water (173). These eventually 
impinge upon the membrane of the tympaaimi, or dnim of tl^e ear i wbioli 
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then assumes a vibratory movement. From this membrane tremulous mo- 
tions are excited in the fluid with which the labyrinth of ihe air is lilleJ, 
through the medium of the included air, or by moans of the d^k^te chain of 
Imies ooniiecting them, or both; and wbicb, acting on die auditoijr neiTe^ 
produce the senflation of floond. 

220. Providing no substance intervene between the vibrating body and the 
ear, no sonnd is hoard. If a bell be placed under the receiver of an air-pump 
(192), and tlio a})paninia be shaken, the ^ound excited by the cla|)pcr striking 
the sides of the beii is distinctly heard. Let the air be exhausted irum be- 
neath die leoeiTer, and die bell again agitated, die clapper will be seen to 
atrike its sides, bat no sound will be.aodible; in oonsoqnence of no elastio 
medium existing of sufficient densily to convex the aonosous '?fl>iationa to it» 
aides of the receiver. 

221. Travelers, on ascending lofty mountains, have noticed tLe extraordi- 
nary diminuiion of the intensity of sound, in consequence oi the rarefied state 
cf die atmosphere at oonsideiable elevations above die level snvlhoe of the 
earth (180). Sauasine fcond tfaal^on die summit of Mont Btonc, the ectplOBion 
of a pistol appeared no louder tlmn that of a ciaeker, and oonvenelj the ln> 
tensity of sound increases, on increasing tho density of the air snrroimding' the 
sonorous \xK\y ; thus sounds, which are of ordinary pitch in the free air, ac- 
quire a painful degree of intensity it heard in a reservoir of condensed air, or 
in descending in a diving-bell, in which the air becomes condensed by the 
up ward pressure of die water* 

223, The intensity of sound, like that of attraetk>n (21), diminishes in the 
inverse ratio of the squares of the distances of the sounding body. This law, 
however, applies with its full force only when opposing currents of air, or 
other otetacles, do not interfere; for the sound of a church-bell is inaudible^ 
during a contrary wind, at the distance of a few yards, whilst the sound of 
the cannonading at Waterloo is said to have been heard at Dover ; and ,tfae 
noise of a sea-fight between the English and Dutch, in 1672, was heard at 
Shrewsbury, a distance of 200 miles. In these cases the intensity of tho 
«K>nnd was no doubt preserved through these distances, by the presence of 
aerial currents, moving in the directions in which tlie sounds were heard. 

223. From the researches of Dr. Derham, the intensity of sound is taodiiied 
—A. By the direction and velocilj of die wind; n. By varieties in barametrib 
pressure, e. By changes in the temperature of the air. d. By its hygrametrio 
slate. B. Sly the or^^nal direction of the sound. ». S|y the nature of the 

Snrface over which the sound passes. 

Sound i?^ beard with great distinctness over a considerable space, in a frosty 
air undisturbed hy winds or atrial currents. Lieutenant Forster, in the third 
Bolar Expedition of Captain Parry, held a cenvenatkm widi a man across 
tiie harbor of Port Bowen, a distance of one mile and a quarter. 

224^ When the air is in a state of sooorons vibration, it escites similar 
movements in Ixxllcs with w!iich it is in contact, if they be properly situated. 
This may be shown by tuning two harp-strings in unison; on ceasing one to 
soiuid, the air surrounding it assumes a vibratory movement, and, tliis being 
propagated to the second strii^, causes it to vibrate, and emit a sound or lone. 
Joscances have occurred of penons who, by modnlaling their vdioes, have 
aicited vibration in glasses, so powerful as to overcome the aggregate attvac* 
don llmi held the particles together; and ccaisequcntly to break them in pieces. 

'J iH. Waves on the surface of water, unless they differ very greatly in size, 
are t^apuble of passing over each other without being destroyed. And in a 
similar manner, in the case oi the waves of ^und^ or sonorous vibrations, ex- 
cited by a erowded orohestia, an attemive ear can readily distinguish the 
sound of anjr pwticular instrument. 
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990. flonndi^ in tmvnnng gitm dlftueei^ are propagaiad with ^mi 
pIdiQr, pttitiig thnmgb ipMM ptoportionBl to ilie timeg. flb John Herschel 

nas ibovm tfiat sounds of erery intensity travel at the temperature of 62^ 
Fahr. at the rate of 1195 feet per second, equal to 9,000 feet in 8 second?, 
12^ miles per minuie, or 765 miles in an hour. At a freezing temperature 
and in perfectly dry air, the rapidity of the propagation of sound is increased ; 
as it tiavenee 1090 feet or tather more than 363 yards in a seoood. Any 
alteration of tempeiatnre of the air eqnal to one degree of Fahienheifa thcr» 
momeur, causes a ooneepooding alteration of 1*14 feet in tiie velOQii^ of 
sound ; this velocity increasing with the diminution of temperature. 

527. By knowing the velocity of sound per second, we can ^in, in miiny 
instances, a close approximation to a knowledge of the distance of a vibrating 
body. As light travels with an enormous velocity as compared to sound, we 
oan, by observing the number of seoonds elapsing between the appearanoe of 
a flash of light and the instant Irhen die soond pvodooed simntteneoasly with 
snoh flash is heard, and mnltfplying this number hy 112 5, ascertain the d5s- 
tnncp in feet from the souioe of the explosioo* The ibliowing aro aome ex- 
amples of this kind. 

(A.) A ihish of lightning is seen 12 seconds before tlie tliuader is heard j 
what is the dibtaiice of ilie cloud where the explosion occurred ? 

8'' : 9000 it. :: 12^' : 13^ ft. IB 4500 yards. 

(B.) The flash of a cannon fired fiom a ship is seen 33 seoonds helbia the 
report is heard; what is the dislanoe of the vessel! 

: 9000 it : : 38^' : 37,195 ft mm 19,375 yavds; 

228. Sound is not transmitted witli equal facility through all media: iha?i 
various gaseous mixtures assume sonorous vibrauons with extreme difficulty. 
Hie sound of a bell under the receiver of hydrogen gas is, according to the 
experiments of Dr. Priestly and ^ John Leslie, seavoely louder tlian when 
placed under an exhausted reoeiver (220). When hydrogen is respired, the 
voice of the person undergoes a eurioMs dmnge, being rendered extremely 
feeble, and raised in pitch, as we !::hou!d expect it tO be, fiooi the lungS 9 p4 
larynx bemg liiied with a rarefied medium. 

Sound travels through different bodies with very dilferent degrees of velo- 
city. Thus, oalliog its veloei^ in air v 1, it travels hi— 



Distilled 
Sea water 
Tin , 

Silver 
Casi iron 



Tsucnrv. 




4-5 acoording to Laplace. 


4-7 


Do. 


75 . , 


Chladni. 


^0 


Do. 


10 


Bilx)t 


10-5 


, Lap] ace. 


13 . . 


Chladni, 


17 . . 


Do. 


11 to 17 


Dn. 



Copper 
Hammeiediiii 
Wood . 

929. Sounds ^snetated in air are indisllnclly heard by a person immersed 
in water; but if excited in that fluid, th^ are oonyeyed to a ffMisidgribte 
distance with facility. M. Colladon heard the sound of a ball struck under 

water across the whole breadth of the lake of Geneva, a distance of nine miles- 
this sound appeared to pata through the water with a velocity q£ 4703 Iset 
per second. 

emitsd in air are distinctly audible to persons out cIT ftom lectili- 
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Bear oommiiiucatkNi with the body hf n projer ting wall, although with totne 

dlmiaution of intensity. In water, however, M. Colladon found that the pre- 
senee of a wnll or rock prnjeciing Ix^tween the ear and sounding body, nearly 
rendered the ^uund inaudible, as though a sort of " aeouUic ihadoifi'^ had been 
protluceil by the wall. 

230. Two sets of flonoioas yibrafiont of oqna) intensity, eneoantering each 
other in opposite phases of vibration, will interfere, and beeome notiiaUjr 
checked ; and tlius silence will be produced by the conflict of two sounds* 
To under^'t;^1d diis interference of sonorou« vibrations, let us suppose that two 
strings are tuned so nearly i:i um-ou thnt ono prrlorms lOU ami ilit' otheT KJl 
vibrations in a second oi linie. Durjug the iirst few vibrations, die resulting 
eoand will be double the intenaiiy of that produced by a single string, because 
the atrial waves exerted by the striugs nearly agree in Ibe time of their pro- 
duction. This relation, however, will soon cease, and at the expiration of half 
'a second, one end will be in the act of perform?n«: its iiiUeth vibration and the 
other wili be half a vibration in advance. Thepliase of elevation of one will 
thus ooincide wiUi the phase of depression of the other (176), and an instaal 
of tileiice will occur. Let the lines a ft re* 
present the apparent path of two a&ial Tibnp 
tions or waves exdted tqrthe sounding strings 
at the end of half a second ; ac^ c6, will re- 
present each the course of two undtilations, 
which, for the sake of illustration, are here 
supposed to be progressive (79) ^ e will repre- 
sent each phase of elevation, aiid d each phase 
of depressioa of a wave of air, the two undu* 
lations will meet at h, in opposite j^iases, ono 
being in the act of elevation and the other of 
depression, thus budi btrng equal in intensity, 

they neutralize each other's ejects (HG), and silence results. This may be 
shown by vibmtiAg a common tnninR*ibrk or dia- 
pason, and holding it over the mouth of a cylin* 
drical glass vessel, a ; the air contained in which 
M ill n«<nme sonorous vibrations, and a tone will 
l)e i>r(jHluced. Then hold a second glass cylinder 
in ihc direcuuu siiuwn by the iiguie b, ul right 
angles to At and iaunediately the musical tone 
previously heard will cease; withdraw a, the 
tone reappears ; approach it, and it once more 
disappears, and so on. These cnrious pheno- 
meii:i ;ii ise from the interference el the sonorous 
vibratiuns excited in tlie air contained in the 
Bless vessels. - 

S31. Again, when a ttming-fork vibiates, its bmncbes alternately 
recede from and approacli each other, as shown by the dotted lines ilg. 141. 

in the figure, l)ofh communicating their movements to the air, and 
prorlucins^ a musical sound. Let a fork whilst vibrating, be held 
upright about a foot from the ear, and slowly turned round. It will 
be foimd that when both branches are equi-distant fkom the ear, 
or wlum they coincide in direction, a disdnd tone is heard, wbihit 
in all intermediate positions scarcely any sound can be detected* 
This is explained by tin; fact, that when the branches coincide, or 
are equi-<listant from the ear, the waves of sound combine tiieir 
effects, whilst in all intermediate positions, as they reach the ear 
in diifereut phu^cs, they interfere and produce total OK partiil 




Fig. 14a 
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232. The passage of sound through heterof^pnoou? mer^ia mm posed of sub- 
stances of different degrees of elasticity, is eMoctr d with ditliculty; for in pa^s* 
ing from a less to a more elastic portion, sonorous waves of ditfereot iateasi* 
ties are excited ; which, partly being reflected (234), and partly from mutnKl 
intetlbreiioe (230), beoome broken up, as it wm, infto myriads of seooodu^ 
▼ibiatiaDB; ■ uid thus, the sound, which eventually reaches the ear, will be .not 
only of lesB intensity, bat of a different tone from the true one. If some por- 
tion ofn mixpfl medium be capable of conducting sound better than others, 
fiome viljratioiis will reach the ear before the others^ and a coniused false . 
sound wiU alone be heard. We have an example of these facts in a glasi 
vessel filled with carbonic acid} this, when struck, instead of emitting the 
flill tone proper to it^ will merely pxodiiee an irregular flat sound : here the 
medium in whieh the vessel is immersed, the air, is of very different densiqr 
and conducting power from that with which the glass vessel is filled, and ac- 
cordingly vibrations of different densities are excited, which, probably, by t}ieir 
interference, deaden the proper tone of the glass vessel. Hunib<»Mt explaujs 
the fact of sounds being more readily audible at night than in tixe day, by 
the greater homogeneity of the atmosphere at tiiat time. In the day-time 
its deoAty being constantly changing by partial variations of teroperatofeb 

233. llie comparative oondooting power of different media for sound was 
well illustrated by an experiment of Biot's. This philosopher fixed a bell at 
the end of a long iron tube ; on strikine^ it, two consecutive sounds were 
heard by an observer at the opposite end, one cxinducted by the iron itself, 
the other by the air in its interior. The weii-known double report ol a 
Ibwling-piece, fired at a distance, probably arises fiom a similar caose^ iSm 
sound of the explosion being conducted to the ear, unequally by the air, mod 
the masses of vapor floating in it 4^ 

234. Sonorous vibrations, on impinging upon a plane surface, are reflected 
from it in such a mnnner, that the angles of incidenee and reflection nrp 
equal, in the same inanner as in the case of colli>ion .of an elastic budy 
against a plane surface (ti2)j the rapidity and mtensity of the sound coo- 
tinning the same after, as before reflection. 

835. When a sound is reflected ftom a plane, and reaches the car afker a 
oertain interval, an enho is produced; for this to be perfect, the observer must 
be at a certain distance from tlie reflecting plane; and the syllable will be 
repeated once or several times, according to the ntiniher of reflecting sur- 
faces presented by the body against which the sound impin^jes. The 
reflecting plane must be at a greater distance to afford {K>lysyiial>ic echoes. 
At Woodstock is one of this kind, repeating seventeen to twenty syllables 

When sound Is reflected between parallel planes, at a proper distanoe from 
each other, multiplied echoes are produced, repeating syllables an alnmst 
indefinite number of times. 

236. Sound is reflected by curved surfaces in the «ame manner as h>ht 
and heat. Let ah be two mirrors composed of any liard polishotl ^n!)- 
Stance, and in liie Xucud of ▲ at jr, a low sound, as a wiiiaper, be uttered. 



Big. 142. 




1 



Digitized by Google 



The sonorcnis vibrations thus excited will, on reaching a, l>e reflected in the 
direction of a seriea of lines parallel to those drawn in tiie figure, to b, from 
tlie ooncmve wtfiioo of whieh thejr will eonveig^ 10 m fiwot at and be dis* 
iSaefOj audible to an obserrer situated liiefe. In a similar mamieT.any sooad 
kk ao ellipliQ ohainber, uttered in one of the foci of the ^lllpfle,will be audible 
to an observer placed in tbe other ibouib whilst peiions plaoed midway wiU 
not be able to bear it (178). 

If tbe substance against which the sound impinges be soft and yielding, it 
will be much dimioished in intensity; thus, while voices are heard in a 
lemafkabty soooions maimer in loftjr apartments with huge polished walls* 
thej almost oeese to be audible in chambers hung with tapestry, from the 
sonorom vibrations becoming oheckod or abBQibed» on impiogiog against this 
aoSi and yielding material. 

237. When cords are made to tilirate in a transverse direction, as by 
drawing a bow across a vioiin-string, or by. touching a harp-string with the 
fingers, the following phenomena are obseinred» 

(A.) Cords of the same diemeier, and equally stretched, have the number 
of vibrations in a given time, in their inverse ratio of the lengths. Thus, a 
oord, performing thirty-two vibrations in a second, will, if shortened to one- 
half, produce sixty-ibiir, and if to one-ihifd, ninety-six vibiaiioiM, in the same 
time. 

* (B.) Gords of die same length and degree of leneian, haye the number of 
their yibr ati o n t in the inrerse ratio of their diameters; ex. gr., acoid of 
diameter threOtWill prodnoa thirty-two vibmSions in a given time, of djaraeter 
two, "ixty-foor vibrations^ and of diameter one, nineQr«z yihntionsy in the 
same interval of lime. 

(C.) Cords of the same diameter and le2u;th have their number of vibra- 
tions in the direct ratio of the squares of t£s weights with which they are 
•treldied: ex. gr^ a haip-stiing stielBhed with the wei^t of one, will pn>- 
dnoe a oertain number of vibtations; with a weight of two^ will prodtioe Ifaor 
times as many; and with one of three, nine times as many in the ssme 
space of time. 

238. Sounds of the same pitch, may differ materially in their diameter, so 
far as sweetness of tone is concerned, quite independently of the niuiber of 
vibrations piodocing them. Thus it is notorious that two pIayeis»on drawing 
a bow across the same string, will produce tones of very diffeient chanMSter, 
■MwiMgh of the same note. It seems proljable, from the researches of Dr. 
Yoiinp, that this is connected with the plane in which the string vibrates 

nnd with the curve it describes. By reflecting a ray of* light from the 
ibjtiing surface of a vibrating string, Dr. Young M'as enabled to observe some 
of these corves* The JbUowiog are examples of some thus described by the 
centre of a vibrating stringi 

Fig. 143. 

239. Wlion a 50Tind is prcwhircd by vil>rations sufficiently regular to consti- 
tute a musicstl tone (2i8),eRcli being produced by a certain and definite num- 
ber of vibrations, it is termed a note; and to distinguish one from tbe o«her, a 
ssriee of terms are applied to them. These, in this country, are taken from 
the alphabet} the first seven letters being used to designate particntayr notes* 
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On the continent! tbe amn flyllables, ut, «, fm\/a, mZ, fa, li; are nioaltjr pre* 

ferred. These noteg constitute what is t?»rmo(! thr Diafonir pc-nle or gamut. 
A noto is said to be sharper than another, when it is })r( xlurcd by a lar-er num- 
ber, aii i to he graver or baser than another, when by a Siiialler number of vi- 
brations lu a given time. The gravest audible mmkal sound is produced by 
aboot aixteen, and tbe thaipest bj about SOOO vibmtions in a aeoond. Thisi 
bowerer, is subgaet to great la t ittidei» Ibr, as Br. Wollafton long ago showed, 
many sounds at either extreme of the scale utterly inandible to some per* 
sons, are di?tinrtly perceived by others. The chirp of the crirkrt and cry of 
the graf5shop5)er, are pro(1uced by such a rapid succession of vibrations, that to 
n^aiiy per&un.s they can scarcely be appreciated as musical sounds. A tine 
ear is able to recognize as a distinct sound, a peculiar hissing noise made by 
a bodjr oompledng 24,000 distinct Tibrations in a saoond. M. Savan has, by 
means of a^series of very interesting experiments, shown the high probability 
of thete soaroely being any definite limit to the audibility of sounds, providing 
they were sufficiently loud. By means of a rapidly rotatory co^ed wheel, 
so armnged that each tcx>th should strike a piece of card, he found tlint 12,000 
stroi£es on the card produced a sound perfectly audible as a musical sound of 
high pitch. 

240. IL BkH^ has oalonlated the lengths of aonoiouB waves pvodnoed by 
di&iaBt numbers of vibrations in a gireii time. The xesolts of his obeerra- 
tiODs are shown in the following table. 



Vibrations in a 



Length of result- 
ing ware in feet. 
(PrNiolt.) 



Probable utmost mnge 



1 .. 


1024 it 


2.. 


512 


4.. 


256 


f 32 .. 


32 


64.. 


16 


188.. 


8 


256.. 


4 


512 .. 


2 


1024 .. 


1 


2048 .. 


6in. 


4096 . . 


3 


^8192 .. 





V 



These sounds are identical 
with those produced by an or- 
frnn-pipc opvn at both ends, 
and ui the same length as 
that of the sonorous wave, 
given in this colnmn. 



241. A oolleetionof eight oonseeotive notes is termed an octave, and one 
octave is said to be higher or lower than another, when the notes It contains 
are produced by a greater or smaller number of vibmtlons in a given space 

of limf^. 

A note of any octave is produced by a certain numl>er of vihmtions, which 
are twice as numerous as in tlie corresponding note (1 the next lower, and 
ore. half as numerous as in the corresponding note of llie next higher octave. 



• Prtfeis de Physique, i. 357. 
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Names of Notes. 


ContiiieiitaLi 




vt • . . 

mi . . 

fa 


• * • • 

. • £ • . 
. . F . . 


sol . . 
la . . , 


. . 6 . . 
. . A . . 




. . B . . 


. Qt . . . 


• • C • • 



CompaiatiTe 



length of 
Miiag. 



aamber of 
▼ibnOioM. 



i 

i 
I 

i 

1 



1 

I 

i 
» 

£. 
3 

-2 



Number of 
vibrations 
in a seoond. 



. • . 258 

. • • 290 

. . . 322 

. . . 344 

. . . 387 

. . . 430 

. . . 488 

. . . 816 



In die above taUe, Ibe oootiiw&tal names of Hm notos» ihelr EogKsh • 
tfnaapaB, die oompaiative lengths of the sningi, and number of TftmaoBs 
piodndng them, as well as the absolnte nmnber of vibrations in a second 

performed by the strings to produce a particular note, nre at once seen. The 
tigures in the last column nmst be considered as only approximations to tlio 
true numbers. The octave there taken as an ejuuuple, is the &>iuth liom the 
base of tlie piana 

243. Tbeie is some little diffoieoce of opinion, as to die aotnal nnmber of 
waves per second, piodndng a particular note. In the fbllowiog table, we 
have the number of waves required to produce the middle A of the pitdi 

adopted at different orchestrfis, which in the abovo table IS Stated to be pio» 
duced by 430 vibrations in a second. 

Theatre of Berlin ^ • - • • 437*32 

Paris, French Opem 431*34 

— ^ Comic Opera 427-61 

— Italian Opera 424*14 

In piano fortes, whieh ibr private purposes are generally tuned below oon* 
eer^pileb, the middle A is produced by 420 vibrationB in a second. 

243. liie perception of a simple musical tone has been apdy compared by 
Euler/ to a series of dots eqni-distsnt from each other, thns^ 

If the intervals between these dots be greater or smaller, the tone produced 
wili be lower or iiigher (203^. It can scarcely be doubted that Uie perception 
of a single tone by the ear is analogons to die appreciation by vision of snoh a 
set of ^pd-distant dots ; tbas enaMiag lis to represent to the eye, in a certain 
degree, what the ear perceives on hearing sound. If the distances between 
the dots be not equal, or if they be irregularly srnttercd. tliey would represent 
a confused noise, inconsistent with harmony. When two tones, each jirodiicod 
by the same number of vibrations, strike the ear simultaneously, tliey appear 
to blend, forming a unvson^ which may be represented by two lines of equi- 
distant dots, thus, ::::::::: 

244. When the difference between the number of tibratkms producing any 
two notes is in a simple ra^ so that 'the ear readily discovers the relatioo 

* lietters to a Gcrmui i'riaccssi vol. i. let. 4. 

13 
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existing bptwe:> en tlirm, a concord is produced. But if irom tho ahsenco of this 
simple ratio, tliis n IfUinn ( annul be delected, a discord is said to resulL The 
following are some oi the most important concords. 

(A.) The octave, rejireflentecl 2, because the sharper note is geneiated 
by twice the number of Tibiatioiis that the graver one is, corresponding lo 
the intexral of the two C's or vis : this concord is termed an oetaTOi bettnaa 
in the musical vibiatioa of notes the vibration of C and <? are ia praportioa 



CDEFGABO 

alluded to (1 : 2) and C* is the eigbth note fiont C. 

(R) The ftftb, }, die sharp note being produced bj three vibntions whilak 

the base is prodii^ by two in the same time, corresponding to the interval 

of C to G. ori^i and sol: this concord is termed a fiAli, Ix cause the vibration 
of G and G are as 2 : 3, and the former note is the lifth from the latter, A 
similar explanation applies to the numerical naiiies of the other concords. 
(C.) The fourth, or }, the sharp sound produced by ibur aiid the grave by 

tiuee vibrations in a given time: thus conesponds to the interval of C to 

otmiiofa. 

(D.) The major third, or {, ooneipoiidii^ to the Inftnval C to or «< ta 



(E.) The minor third, or |, i« the interval E to G, or mi to sol. 

These concords are represented in the following diagrams; the upper iitie 
in each representing the sharp, anci the lower the grave notes. Tho^ vibni- 
tions whidi occur rimultaneously, and therefore increase each other's powers, 
ace oonneoted bgr vertkal llnea. 

Fig. 144. 
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245. If, when a Uring is Tflmitiiig, it be aoddenljr cbedeed, by toueliiiig h 
in the centre, its two belYes will vibrate twice as npidly &s the entile itnoft 

eadi prcKlncing the same note of the next higher octave. This jjometimea 
oocars spontanefju^ly, producing a series of harmonic sounds; it is readily pro- 
daced in the strings of the harp and violoncello. When this phenomenon cx - 
curs, the point midway between the two ends of the string is at rest, whilst 
the xett is npidly vibnting; any number of these poniti maf flsbt in the 
nme ftring; they are termed nodi (83). At Aese points the string never 
leaves the axis, for let the dotted line ab l e p i esen t the direotkmof n itratehed 
string, and, nfter it has been made to vibrate, 

it be touclicd with the finger at c, the tWO Fig. 145. 

halved CB, ca, will begin to vibrate twice _ 
as lapidly as the entire stiing did, but At ^^; — — ^-- y l pgr ll — -^^^^ 
in oontrary diiectiona, eaoh end polling 

equally from c will cause this pointy or Nodl^ to rettuun at lest and in iSbm di- 
rection of the lonsr axis of the string. 

246. When rods of metal, fixed at one end (97), are made to vibrate, they 
produce sonorous vibratioDS varying in number in the inverse ratio of the 
squares of their lengths, and in ^e direct latio of their diameters. These 
rods, lilce strings^ may Tibrate entiie, or divided into nodi 

247. When sonorous vibrations are excited by blowing into tubes, the 
sharpest notes are, cateris paribus, excited by the shortest tubes. Sounds thus 
excited, are produce<l by the alternate condensations and expansions of the 
difierent layers contained in the column of air in the tube. The following are 
some of the more important ihcts connected with the relation between the sound 
evohred, and the length, and open or closed extremities of the tnbes employed. 

(A.) In cylindric tubes, ckitd at MS iad^ the Tibcatkms are in the inverse 

ratio of the length of the tube. 

(15.) In a cylindric tnlje, open at both ends^ the sound is the same as that pro- 
duced by a cylindric tube ck>sed at one end, and one half its length. 

(C.) In a cylindric tube, doted at both ends^ the sound is the same as in a 
tube elosed at one end, and of one half its length, 

(D.) Nodi, or points at rest, in the included ookunn of ur, are obreryed in 
the case of vibrations of this kind as in vibrating cords (245), or rods. 

248. Vibrations are readily exeited in elastic plates }>y friction or by striking 
^em, and sounds are evolved; the plates dividing tlieiiiselves into vibrating 
portions, separated by nodi or points of rest, arranged in lines. The position 
of tiiese lines of rest is beantifuUy shown bgr soattering sand on the plates, 
and vibrating them ; the sand wUl assume a cnrknis rapid movement, and 
be thrown oflf the vibrating portions, upon the nodi or lines of rest. If a 
square plate of glass be grasped in the centre by a smali haod-vicei sand 
scattered over its surface, and the bow of 
a violin drawn rapidly across it close to 
one of its angles, the sand will be tloown 
imothe position shown in a, Jf the bow ^ 
be applied to die middle of one of the 

Fig* 147« Fig. 148. 
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aidfli^ Ae sand will be arranged as in b. If the plate be held near one of 
its allies, and the bow applied as before, the sand will be arranged as in c. 

From a series of highly interesting experiments* on this subject, by I>r. 
Faraday, it appears evident that the scattering of sand on the nodal lines does 
not arise so much from its being, as ft were, jerked off fram the Tibrating po«^ 
aon8,asfh>m the Tibiatk»e exciting currents of aU portions, 
which, entan^iiig tfie powder scattered on the plate, oanies it to the lines of 

rest, or nodal Kna, If the powder be a very light 
one, as lycopodium instead of sand, this will be 
caught up by the aerial currents, and will collect 
chieHy on the most agitated portions of the plate 
instead of on the quiesoent portions, and appear 
aoimated with a corioas T0rtttx4ike motioo. If 
the plate be vibrated in very rarafied air, the lyoo- 
podium will be collected on the nodal lines, like 
the sand when vibrated in ordinary states of at- 
mospheric pressure ; and if covered with sand, 
and made to vibrate in water, the saod will be 
oolleoled chiefly on the most agitated portion cC 
tiie plate. Thus, the lines ad represent the po- 
sition of the sand when the plate is vibiated in 
air, and of the lycopodium when in vacuo; and 
the triangles scbf, the parts or iiiter-nodal spaces where the sand is collected 
when the plate is vibrated in water, and the lycopodium when in air. 

249. These acoustic figures may be well exhibited by stretcJiing a piece of 
bladder over the month of a ihnniBl, and passing a horse-hair^ retained hf m 
knol^ through its centre; on drawing the haur through the fingers, previously 

mbbed over the resin, the membrane will be 
made to vibrate, and if the sand be scattered 
on its surface, its symmetric arrangement may 
be observed. A very delicate mode of detect- 
ing acoustic vibiation has been described by 
Sirehlkerf he scatters some lycopodium on 
water, so as to cover its surface with the thin- 
nest possible layer, which is best effected by 
agitating the fluid in a box, the inside of which 
has been rubbed over with the powder. On 
placing a drop of this on a vibrating body, the 
particles of lycopodium begin to revolve in the 
water, divi^ng into two or mote currents* if 
the sonorous vibrations be intense, as shown 
at AB. If a drop be placed on each side of a 
nodal Une, or line of rest (245), en, these in- 
testine motions occur, but in opjposite diieo- 
tions. 

9S0. The evdutkm of musioal sounds during the cooling of heated metali^ 
observed by Mr. Trevelyan and others, Is extremely curious. These pheno- 
mena are best observed by using the thermophone. This consists of a bar of 
copper five inches long and about half an inch thick, grooved in sixh a man* 
ner that its transverse section is like that of the marginal figure c. A piece 
of thick iron wire, alxjut eight inches long, is fixed in one end for a handle. 
Ou heating the copper bar, and resting its convex portion on the edge of a 



Fig.l51« 




• PMI. Trans., 1901. 

t FoggencUtrli; Annska 40^ p. 140. 



Digitized by Google 



mmoML nomnm BVQi.?ap wa hsatvd btau. 



149 



block lead, as at b, it will begin to 
vibrate strongly, and soon afterwards 
evolve musical sounds, usually beginning 
lilw die drane of the be^^ipes, and rifiog 
to a load pteintiye swell, like thai of the 
.AoUan biop, and then frlling in the most 
fitful manner. These wild and irregular 
sounds TOntinue until the temperature of 
the block of lead, and copper-bar are 
nearly equalized. They aie efelmBd 
widi the greatest shriUness when a 

mnmH ohaanel is filed out in the beck of the bar, as diowii in a, er a di 

channel pxca\'ated in the surface of the leaden block on which it rests. It is 
necessary that the surfaces of the metals employed should be quite clean ; 
nnd tiiat their p)0\vBrs of conducting lioat siiould Ix? as ditieretU as possible; 
bence> copper and lead succeed the best, as tlie conducting power of the 
ftmur fx ealoik^ aooofding to Bespretz, is 398, end of die latter 179*6. 




NOTE. 

To no work on the subject of acoustics can the student refer with so much 
admuitage as to Sir John Hertchers Monograph on Sound, in the CycloptBdia 
Ifetvopolitana: lieie he will find all that is Tahuble on diis snbjeot Tlie 
reader will also find much that is of importance in the 4th section of MtUr 
ier's PhjidcSb The following are the lefiiienoes to Newton and Euler; 

Newton, bk. ii. sect. 8. 
Euler, vol L letter 3 to 8. 
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SECTION IL 

PHYSICS OF IiMPONDERABLE MATTER. 



Magnetism, Chapter X Ordinary Electricity, Chapter XT. — XIII. Atmospheric 

EiecUiciiy, Chapter XIV. Voltaic Electricity, Chapter XV. Electro- 
lysis, or £lecico-chemical Decomposition, XVI. Electro-djrnamics, Chap- 
ter XVII. Electrodynamic Inrluction, Cha])ter XVIII. Thermo-electricity, 
Cliapter XIX. Physiological Electricity, Chapter XX. Luminous Undii- 
kitionsof Imi>ondemble Matter, or Light— Unpolarized Light, Chapter XXI. 
—XXIII. Polarized Light, Cliapter XXIVw— XXVI. Optical Instruments, 
Chapter XXVII. Calorific Undulations of Imponderable Matter, or Heat| 
Chapter XXVUL— XXIX. Pliologiapb^» Cl»pler XXX. 
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CHAPTER X. 



Magnets^ 2^ 1-2. Magnetic lines of force, "253. Po/?s, 255. Induction of magnet- 
inn, 255 — 257. Theory of magnetism, 258—260. Canvass, 20 1. JMdi- 
motion, 264 — ^266. hwUtuUion, 265—269. Magnetic ttonm, 270, 271. Jc 
twmtftki earth om Ite muBt, 27e, 273. CmueeuHm jmIm, 874» Magmiie 

properties of metals, 275, 276. Excitation of magnetism, 277 — ^280* Coercing 
force, 282. Magnetic intensity of the earth, 283. Effects of heat on magnets, 284. 
Dia-magnetism, 286 — '290. Dia-magnetic bodies, 291, 292. Iron-sails, 293. 
Lui of diormagnetict^ 294. Influence of magnetitmon matter^ 295, 296. 

SiSl, Tn property ot attiaotiiig pieces of inm, possessed by oerttun ftno- 
t^BotiB ores, has beenjong known ; and the oros themselves have been termed 
fi^agna*, from Magnesia, a town of Lydia, near which they were staled by 
the ancients to abound. Pliny states that these ores were in his time termed 
femm vivum, or quick-iron. In England the term load-stone has long been 
applied to the native magnetic oxide of iron. All the phenomena possessed 
,17 such magnets, inchiding their action on ixon, odbalt, and niekel, and other 
.ineials which appear to obey their attractive influence, have been collected, 
.«Dd the iraportant sdeooe of magmtim founded upon thera. 

Not only do ores of iron possess magnetic properties, but masses of that 
metal which have been placed in contact with tliem, or have been submitted 
to the effects of certain mechanical actions, generally present the phenomena 
-Of magnetism. The roagnetie ores oonstttnUng what are termed matunUf and 
. He latter, artiftdal, magnets. In examining the phenomena they present, it 
tnMen not which we use ; magnetic bars of ivoo, however, being genemlly 
preferred on account of their convenient form. 

252. If a magnet be dipped in iron filings, it will attract them, causing 
.them to adhere to its surface, but unequally in diiferent parts j being collected 
. k abmubnoe aft the ends, and nearly absent from the inlennediate portions. 

is best seen bj piadng a sheet of paste-board over the two poles of a 
.Mse<eboe magnet, scattering iron filings on 

ito surface, and then tapping the paste board Fig. 153. 

lightly with a stick ; the filings will arrange 

. llieiDselves in lines diverging from the poles 

•fi the magnet in curves, the centre a being 

iiMsrIy ftee Aom them : whilst the outline 

. of bodi ends, ns, of the bar will be well de- 

. fined by the iron filings, as shown in the 

• magnetic figure. The extremities of the 
magnet, in which the magnetic action ap- 

, pears thus to be concentrated, are termed 

jnbn The greatest intensity of action is not 

. ^Nmd to be exactly at the very ends of the 
magnet, but at a little distance from them, representing centres, from which 
the magnetic force appears to radiate. The curves formed by the iron-filings 
may be conveniently regarded as [winting out the existence of magnetic linet 
tffora, and the space between the two poles as equivalent to a magnetic field 
€v space wImto the two finces mutually react The influence of the lines of 
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ftjm tmvaning tba migoctio field on oertaiD bodks will presen^f ftll mider 

253. Let a magnetic bar be 8aspende4 
|Pjg^ 154^ by a thread tied round its centre, or bf 

being fixed on a pivot as ns, so a.s to 
be free to move round averticai uxis^ 
and it wilt be fimnd to amame, after 
a few oidUalioiiSi a ooDftant poei ii oiL 
If it be mored fram this poaitioii* tlie 
bar will return to it as soon as the 
coercing force is removed. One of 
the polf's (-14) of tlie bar will be 
found to puiut constantly towards the 
iM»ditand die other towards the aoiith. 
The fcrmer V Is, in oommoQ langoagei 
called the north, and the latter s the 
south pole of the magnetio bar C^^dOy 
223). 

254. Approach towards the north polo of a magnetic needle placed on a 
pivot tlie wtUh pole of a second magnet held m the hand ; iromedi- 

atelf the Ibraier will move towards tfie latter, being attraeted bf it. If, then, 
ibe mtA pole of the magnet presented to the needle^ be sabstititted Jbr die 
soMlft, the marth pole of the movable magnet will fly round to attain die great- 
est distance possible from it, reptilslon having talcen place. Hence ve learn 
that poles of the same name repel^ and those of different names attract each other. 
That the attraction, or repulsion is mutual, may be proved by using two mag* 
nets on pivots instead of but one. 
2«iS. When a pleoe of Iron is attracted a magnet, it asrames tnngnetie 

properties. Present a pfooe of soft iron, n, towards 
the sooth pole (253) of a magnetie bam; it instantljr 
befr>mes attracted. And if a second bar C, be pre- 
sented to B, it will attract it alnnost as strongly as it is 
itself attracted by tlie magueijc bar ; proving that a 
assumes magnetic properties under the influeiioe of 
the bar v«. Gradually slide va off a, and instantly 
the magnetic pioperties of the latter will vanish, and 
the bar c will fall firom it The iofloenoe exerted bf 

VS on B, is termct! inductwriy hern\f?e it induces mag- 
netic properties in the l»ir; retaining them in it, whilst 
they remain in approxiniaiion. If the end of b be 
dipped in iron filings whilst in contact with us, they 
will adhere to it, and arrange themselves in cnrved lines. And in the es- 
periment befi»ie mentioned (253), in which Iron filings became arranged In 
curved lines, under die influence of a magnetic bar placed beneath them, 
the filings became magnetie hy induction^ each single one acting on its neigh* 
bor, like a little magnet on a pivot (253), attracting or repelling it aooordiug 
to circumstances. 

256. Whenever the pole of a magnet induces magnetism in a bar of iron, 
die end of the latter nearest either pole will aoquire properties of the oppositi 
kind to it Thus, if the iron bar ▲ n be bioni^t near va, It will beoomt 
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migiwtae IndactioD (256)» the'ead ▲ beoOinuig the vmnh^ and a themtli 

po!f. prnvidmnj the end s of the magnet were a south, 
and s a north pole. If the mng:r!ct s.x be brought in 
contact witli the middle of a Utr of iron a b, the oen- 
tiB c will become a north pole, and the ends a b both 
south poles. And if the pole of a magnet be plaoed 
in the centre of a circular piece Of sheet iron, the 
whole circumference will assume magnetic properties 
of the same kind as that of the pole of the magnet, 
whilst the centre with which it is in contact will as- 
sume an opposite polarity. 

257» If a magnetic bar, ms, be bvoken in half in the centre, the half ■ will 
not be Ibundto possess all sootheni, and ir all nordiem polariqr, as might i>er^ 
haps be expected, but both portions will beoome perfect magnets^ each of the 
fmctnrtvl ends exhibiting a polfir state, as per- 
fect as tlie entire maL'net. The fractured end 
ify becoming a south, and nf a north pole : 
stthongh at thia middle point whexe / and ar 
join, DO magnetistn could, befiae bieelung il^ 
be detected. 

2 58. From these and similar experiment, 
a tolerably satisfactory theory of magnetism 

has been framed, which, if not correct, is certainly very convenient, as affbfd* 
ingakeyto all the ordinary magnetic phenomena, and may be admitted as at 
kest a conrentioiial hjpodiesia. Aoootding to this themy, two distinct meg* 
netic fluids exist, one consisting of atutra^ the otiier of boreal mBgnedsm,8nd 

uiuler the influence nf citlier, in a free state, the bar of iron or other metal 
will point to the nortli or soiuh poles of the earth according to circumstances. 
In ordinary iron, these fliuds exist in a combined state, and therefore are per- 
fectly latent, the metal appearing to be destitute of magnetism. These fluids 
exist in a certain proportion united to each molecule, or atom of the metal, 
end from which they com never be disvmted; the only change which they are 
capable of imdergoing being their decomposition into the separate eleinentf, 
one of which in a permanent magnet, is always collected on one, and the 
other on the oppo:*ilo tide of each particle or molecule of metal, 

Tliis theory explains the curious circumstances oi a magnet possessing no 
attiactive influence in its centre, and of its magnetism being apparently con* 
ceatnued in the poles | fiur if ab represent a bar magnet, oonsistiDg of two 
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Fig: 159. 




nm of spherical moleeulee, the oatfral fluid wltl all'be colleeted on tlieddef 
of die atoms nearest a, as shown by the letter a; and the boreioX fluid on diose 
nearest a, or on the sides where the letter t is placed. Then, the eflects of 

the auMral fluid collected on one «ide of the molecule c, for example, will bo 
cnmplctply counteracted by the boreal fluid on the opposite side of f/, the gks- 
irai of tiiio by the boreal of e, and so on, until we come to the last molecule 
whose amtral side, having no other attims to oppose its action, will exert the 
9dhiai7 attractiTa and repulsive efleeto of free magnetism. In the same 
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manner the boreal side of f, will exhibit the pbf»nompnn of free magnetism ; 
the particles in the second row will also be similarly arranged, and exhibit 
similar plK iiomena. Thus we see tliat the central portions of a bar magnet 
camot exhibit evidence of free magnetism, because the magnetic fluid in 
one partkde Is held ▼iitmiUy neutmlized, or disguised, by that next to it^ and 
ao OIL 

259. An ostension of this mode of leasoning will show why a steel ring 

may be convcrte<! into a magnet, by passing it over the pole of a permanent 
magnet, without its exerting any attractive influence on iron, or exhibiiing any 
other phenomenon characteristic of free magnetism ; for here every porlioa of 
the 1 ing being anUinuouSj the separated fluid on the side of every atom is held 
ditguised by the IVee fluid of ihe opposite kind, on the opposed aide of die next 
atom of steel in the series. On breaking snch a ring in bali^the terminations 
of die fractured portions will be found to present energetic magnetic polarityv 
from the portion? which di?irni«ed their polnr state being removed. Axul thus 
every fragment ot" a fractured Ijar is a perfect ma^^nct, a fact so intore^ting nmi 
extraordinary that the Abbe Hiiuy has wittily termed magnets Its polypes du 
regne mineral. A Gennan philosopher, Escfaenmaier, has proposed the follow* 
ing formnla as exhiUiing an hypotbetioal view of die anangement of magnet 
ism in a magnetic bar j it certainly points out the absence of polar properties 
in the centre^ and their gradual increase as we approach the extremities of 
the bar: 

11*—?^* K* M' «— * M— • K— » M IS 

the letter m, with tlie positive exponents 1, 2, 3, &c, representing one (as the 
muhral) fluid, and widi the negatiye exponents 1,— 2,— ^3, the other, or fo> 
mil fluid. 

2G0. The phenomenon of induction admits of a similar explanation; for iT 
the avstraX pole, (or that which, if freely enepended, would point to the north^ 
of a large magnet be placed at a, in the last figure (258), and a soft iron bar 
c, h be placed nearly in contact with it, the combined magnetism will 

be decomposed ; the boned fluid of each molecule will be attracted to the side 
of the atoms of iron nearest a, its onutral fluid repelled to die opposite- sides, 
and the bar of iron will become a magnet If the coereing influence of the 
magnet a be then removed, the separated magnetic fluids recombine, and the 
bar of iron is left free from magnetic properties; but if the bar be of hard iron 
or steel, the inductive action ("355) of the mafpiet i, although far less power- 
ful, is considerably more permanent, for the magnetic tiuida remain separated 
after the removal of the magnet which induced their separation, or decoiupo- 
dtkm. Indeed, it would appear that the doeer texture and greater densi^ 
of hard iron or steel, are physical ronditioiiS which oppose themselves m^ 
dianically to the flree and r^y movements of die imponderable fluids impii* 
soned in the interspaces existing botwpen their molecules. 

261. A matrnetic bar properly balanced upon a pivot (253) is gonrrally 
termed a needle^ and constitutes the active agent in the well-knuwn manner'a 
compass ; guiding the sailor when all other indications of his course fail hua. 
This vahiafale instramentwas used in Europe in lifiM),aooordiiig to a satiikal. 
"poem of Guy of Provence, entitled " La Bible,'* in which it was minutely da» 
scribed. It is tolembly certain that it was known to the Chinese, in a rudft 
and imperfect rnrm,unr!rr the name of TfAi nan, or chariot of the south, about 
2G00 years before tiie Christian era. Marco Paolo wa? ibc fir«t Enmp(^»rtri 
navigator who applied the compass needie to the practical and important pur- 
poses for which it is now constantly used, in his return to Europe from tbo 
East Indies in 1260. This important property of a magnetic needle pointing 
towards the north and south poles of the earth, has faeeir variously aooounted 
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for ; thus Cardan has supposed that a star lodged in tlic constellation of Ur^a 
Major attracts the needle, whilst others with more probability have supposed 
the esrdi to be, or lo contain an enonnow magnet, whose poles nearly cor- 
respond to the geographieal poles of the globa 

26*2. It seems, however, that, admitting the existence of hut oat magnetic 
polr in either hemisphere, it is diftlcnit to explain the phenomena noticetl by 
diiltTciit observer?. In tlie northern hemisphere, two poles or centres of nt- 
tracuion have been disUnciJy made out, one in Siberia at 102^ £. long.: aud 
to the north of 00^ lat. : the other, and apparently for the most important, is 
sitoated about 96^ 4(/ W. long. : and 73^ 14^ N. lat. : these two |x>le8 m abool 
200^ apartj aieasoted across GreenUnd and Norway. The two sontfiem 
poles are supposed to be located, one near Cape Horn, and the other to the 
south of Aa-^tra!in. If tJii^ be admitted, we must suppose that a lar^'e roHec- 
tion of free boreal fluid is laid up in the northero,and of austral in the souibera 
hemisphere, each having their greatest intensities respectively at the points 
just mentioned. And in this case, that pole of the magnetio needle whieh 
points to the north, contatiw free southern, or auttrtd magnetism ; because 
poles of the same name repel each other (25 1), and accordingly that pole of 
the needle which yx>!nt« towards the north has hern termed austral, and that 
towards the poiitiierti horcal. Prof llanstccn supports tins notion of the ex- 
istence of I wo iTiagiieiic poies in each hemisphere; he however places them 
lather dUTerentlT. On the other hand a hi|^ autbovitf, Pio£ Gauss, flom 
"Verj reoent researches, is induced to contend Ibr the existence of a single pole 
in each hemiqphere. Dr. Faraday is, however, of opinion that the hypothesia 
of the existenee of magnetic poles at the ^eoijraphical poles is unsalisn^etory, 
and that the phenomena of the dip[ung needle lead to one of two things; 
either that ^magnetism of the earth is simply the result of the induction of 
eleetrio oonenta (491), or if a terrestrial magnet leally eadsts, its poles must 
he dose together near the earth*s centre. 

263. Some philosophers have, with the celebrated Berzelius, preferred the 
terms negative and positive macmetir fluids, to au^trnl and boreaL It signifies 
but little which are adopted, provided their conventional meanings are well 
understood, and as the terms austral and boreal are almost universally used, I 
have preferred them. It b only necessary to recollect, in reffarenoe 10 a mag- 
netic bar, that bonai, mmthtm, and immMds, all refer lo that pole whidi would 
point towards the south; and austral, mortkem, and negaUve^ all refer Id that 
whieh would, if freely suspended, point towards the north. 

2ol. The majpietir needle does not point exactly north aiul south, a cix- 
ctimstiiuce generally suj)posed to have been first 
observed by G>lunibu8 in his earliest voyage of Fig. 160. 

diaoovery in 1492; and consequently the magnetic 
meridian, or plane bisecting the earth in the direi^ 
tion of the needle, does not coincide with the geo- 
graphic meridian. T!ie magnetic meridian is 
not constant, ^nnieiimes !>ein(? on the east, and 
sometimes ou the west of the geu^raphio meridian; 
thie d ifl ereoce is termed the magnetic MkuiUonj or 
more oomntonly, magnetio variation. Thus, if as 
represent the geographic meridian, hs will repre- 
sent the direetion assumed }->y a eompass needle, or 
magnetic meridian, and iheiuigic nca is termed the 
angle of declination, or variation. In certain por- 
tions of the earth the magnetio and geographio meridians appear to ooineide^ 
as in some parts of North America, the north-eastern point of South Americai 
western part of Aufltmlta, ka. These places are connected 1^ imagipaiy 
14 
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iTTegular cnrred lines, tpmiec! the lines of no variaHon, This line appear? to 
move prnfin^ssively over the surface of the glol>e; it passed over London in 
1660, in whicli year the needle there pointed exactly to the north, and in 
1663 it passed over Paris. In its westwaid course it hn» lately tniTersecl 
Amerifltt. These hmre beeo latelj termed by PfoC Angnst, tigimie tinee, ami 
two of them ere eupiKieed Id exist, one In the western hembphere tenned 
the American agone^ and anorh^r in the eastern, or A?intic agone. They both 
intersect the ge<^raphic meridians at different angles. Prof. Gauss is induced 
to believe that there exists a greater and ie^er agoi)e; the greater cnibracirig 
tlie globe like a meridian, passing through the magnetic pole ai\fl dividing 
fhe eudi into an eastern and western magnetio hemisphere; Or these tha 
^ former wiQ embrace Australia, AiabiB, Persia, and Ktisr^ia ; the latter hiclod- 
ing the eastern parts of North and South America. Gauss's lesser agona 
forms Rn oval, nnd nins through Eastern Siberia and China. The mean de« 
I liontit n in Eitrt pe is about 17^, increasing towards the west and decreasing 
towariia the IciL 





Declination or Vaiiatioo of the Needle at 






Miiiioir. 






FARIS. 
















Tear* 


Variation. 


Direoiion. 


Tear. | 


Variation. 


Diteetioiia 


15S(J 


1110 


B. 


1580 


11-30 




1634 


4f. 


B. 


1618 


8-0 




1660 


0-0 




1663 


0.0 




1670 


3-30 


W. 


1678 


1*30 


w. 


1600 


60 


W. 


1700 


810 


w. 


1720 


1117 


W. 


1767 


1916 


w. 


1740 


]7-() 


w. 


1780 


19-55 


w. 


1750 


17-48 


w. 


1785 


220 


w. 


1770 


21-9 


w. 


1805 


22-5 


w. 


1780 


23- 17 


w. 


1813 


22-28 


w. 


, 1790 


23*39 


w. 


1817 


22*19 


w. 


1800 


!24-3 


w. 


1822 


22-11 


w» 


1 S 1 f> 


241 1 


w. 


1825 


2212 


IV. 


*lbi8 


24-30 




1832 


22-3 


w. 








1835 


22-4 

« 


w. 



205. Prof. Renwick found the variation of the magnetic needle to amount 
to 9^ 28^ W. at New Torlc in 1837. At London the needle at present points 
about 24^ west of the true north pole, the maximum variation having been 
attained id 1818, when it amonnted to 24^ 30^. The prec<'<!ing table pre- 
spnt'' n. view of the variatioos of the magnetic needle in London and Paris 
during several years 

The greatest variations ever observed, were by the Chev. de Langle, be- 
tween Greenland and Labrador, amounting to 45® W.j and by Captain Cook, 
in 60^ 8. let and 92^ 35^ long., when the variation amounted to 43^ 6^ east 
of the geopmphio meridian. 

206, The magnetic needle, if suspended on an axis at its centre of gravity, 
docs not romain horizontal ; its austral end in our hf^misphere dipping c^on- 
siderably, and appearing the heaviest; and in the rHJutliern heniispiiere the 
opposite pole inclines: this is termed the dip or inclination of the needle, and 
a needle thus suspended is termed a dipping-nttdU* At the equator, this dip 
martf^ disBfipears,as both the poles are equidistant Irom Ihe geographic poles 
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INCLINATION. 



of the eartli, ftltfiotigh Udoes not disappear entiiely at the geographic equator, 
as this differs from the magnetic equator or the rituatioii where the needle is 
horizoata], in a similar maiiner as the meridiaiis difler (264). Left ab be « 

Fig. 161, 




needle balanced on its horizontal axis c ; in England, then, instead of remain* 

ing horizontally, as be, it dips or inclines towards the north, its ailfltial pole 
forming aa angle cbk of nearly 70*^ with the horizontal line de, 

267. The magnetic equator is tolerably r^uiar for a part only of its course, 
and may be represented by a part of a large circle inclined at an angle of 12^ 
to 13^ to the foeographic equator, which it interBeds in at least two or three 
points. In the southern hemispheie, however, eepeciallf between the Sand- 
wich and Friendly Islands, this line presents numerous irregular and sinuous 
curves like the magnetic meridian. The magnetic equator is not circular, 
but is really au irregular double curve to which the term of acHnic line has 
been applied ; it, like the agonic lines (205), appears to be undergoing pro* 
gressive motion, which, as Ikr as obaervations lutFO been made, is in a diree* 
tk>n Smm east to west The ecKnttf line intersects the equator at several 
points; ooe is at the present time near the island of St. Thomas in 3® E. 
long., another in tlie Pncific at 1 l'2° F lonir. A line connecting places v/her© 
the inclinations oorresjiorv led is cHlleil iso cloiic. The iiicliuatioii or dip of the 
needle undergoes periodic vaiiaiiuu;;), but by no uieaiis to bu giuat au extent 
as the declination (264). 
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IncUnatkm of the Needle at 



1680 
1723 
1773 
1786 
179Q 
1800 
1818 
18*28 
1830 



Angle of 
Inclination. 



73°-30' 
74 -42 



72 
72 
71 
70 
70 
69 
C9 



•19 

•8 

•63 

•35 

•34 

•47 

•38 



Year. 

• 


Angle of 
Inclination. 


1798 \ , 


. 69<>^51 


1810 . , 


. 68 -50 


1818 . . 


. 68 -35 


1824 . . 


.08-7 


1825 . . 


. Gb • 0 


1836 . . 


. 68 * 0 


1829 . . 


. 67 -41 


1831 . . 


. G7 -40 


1835 . . 


. 07 -24 



Tlie fireatcst inclinations of the needle ever observed, were by Captain 
Cook, wlio, in 60** 40^ JS. lat. observed it to be 43° 4^; Captaui Phipps, in 
1773, in 79^ 44' N. lat found it to be as great as 82** 9^, or ne^l^ vertioal j 
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and Sir James Ross, in 1831, in the vicinity of Hutlson's Bay, in 70® S' 17" 
K. long., found the dipping needlio to be within one minute of being perfectly 
verticnl. 

268. The inclination of the magnetic needle was discovered by Robert 
Norman in the 16th century, who fnnnd it to amount to 72®. The diminu- 
tion of the magnetic dip has been going on in London for the last half-century 
with great regularity, at the rate of about 3' annually. Prof. Kmfft of St. 
Petersburgh announced in 1809, a very simple law governing the intensity of 
the dip^ at different parts of the earth's sarAce^ which has b^n oonfinned by 
the later teaearches of M. Biot, viz. : if wc measure the latitude of any place 
fiom the magnetic equator, and calculate its tangent, it will be fbond exactly 
equal to half the tangent of the dip of the magnetic needle at the partkalar 
locality. 

269. From the observations of M. Quetelet, it appears that tlie angles of 
inclination and declination seem in Europe to be undergoing a tolerably con- 
stant gradual diminution: these angles at Brussels were ibnnd by this phiiosc^ 
.pher to be of the following values: 



Month. 


Tear. 


Inclination. 


Declinatkm. 


Ostober • 


1827 . 


. 6SO-50'-5" 


. 22°28'8" 


March • 


1 830 . 


• 68 -62 -6 


. 22 -25 -3 


March 


1832 . 


. 68 -49 -1 


. 22 -19 -0 


March 


1833 . 


. 68 '4-2 -8 


. 22 •13-4 


April 


. 1834 . 


. 08 -38 -4 


. 22 -15 -2 


- Marob 


. 1835 . 


. 68 -36-0 


. 22 • 6-7 


March 


. 1836 • 


. 68 -sa-d 


. 22 • 7 -6 


March • 


1837 , 


. 68 •28-8 


. 22 • 4 -3 


Ma rch , 


1838 . 


. 68 -20 1 


. 22 • 3 -7 


March . 


. • 1839 . 


. 68 '22 -4 


• 21 -53 -6 



270. In addition to these, the compass-needle, like the barometer, uuder- 
goes daily and even hourly variations. The diurnal vartatioas of the needto 
we such, that its omftw/ pole moves towards the west from sunrise to abcwl 

an hour after myou, when it retrogrades towards the east, until eight o'clock 
in the evening, alter which, it rrmaiJis nearly stationary, until sunrise. The 
amplitude of these variations chii efs cnnsidorahly in (hffereut parts of the 
earth, and even in dilTerent months of tiic year; in Loncioa it attains, in June 
and July, 19'-6", and in^December 7'-6^'. In Pari8,its maximum is as in Lon- 
don in June and July, and varies ftom IS' to 16^, Ihlling in December to 8^ or 
lO'. Li thd northern parts of Europe and America ^e diurnal variatioDS aie 
more considerahlr, fiut less rcj?u!ar; and under the magnetic equator (267) 
they vanish entirely j and on the south of the equator they reappear in aa 
inverted order. 

Recent observations Imve indicated the frequent existence of magnetic sionns, 
in viiiich the needle becomes acted upon in a very remarkable manner. For 
a most elsbomte and interesting account of these extraordinary results I beg 
to refer to a paper read Dr. Brooke before the Royal Society in 1847. This 

gentleman eontrived an apparatus \v'n)\ the most consummate ingenuity and 
skill, by which all the variations of tlie magnet were self iiulioated by means 
of a peneil of light reflected by a mirror fixed to the suspended magnetic 
bar, impinging upon a strip of sensitive paper (871) fixed lo a glass cvlimler 
imlviD8^olookwnffkooilsaxisoooeinl2 bonis; It is impossible in this 
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work to da jtnlioe to llww important observations, but I would feftir myioxlflr 

to Dr. Brooke's paper, published in the Philosophical Transactions, not only 
for its great value, but for ita being a^, model q£ iiatient jreieftrch guidad bjr 
remarkable talent. 

271. Besides these regular vanatiunSi there ar^ others Gonnected with cer- 
tain meteorle aad deotr^ phenoniwia; tba appeuanbe cf the aurora borealis, 
ma eruption ofa mAewBO, a flash of ligbtniog^aU aiert perUxthuig efiaels upon 
Ilia mafEiiatis aeadl a. The latlar indeed has oooaaioQalljF lavenad ils polaxi^f 
ar even destroyed it entirely. 

272. The intensity of the action exerted by the earth on a magnetic needle 
varies remarkably in dilR rent parts ol its surface. A» a genera! rule, it is less 
active at the equator tliau at the puie±i, and is weaker in the warmer tiian the 
eoldar partacf the earth. Proibssor Hanstean has applied the lenn ti9* 
d^raeane Iwiei to lines connecting the difleient parts of the world which ad 
upon the magnetic needle with equal force. In their position they approach 
the isoclinal lines (267) already described, althoup^h they still more closely 
corre?5pnnc! to the lines of equal temperature or imy-tfiermal lines (838). The 
nia^rjelic intensity is greater in the western and northern than in ihe easturu 
and southern hemispheres. Hans teen has given the iuiiowiag values ol the 
terrestrial magnecie ibtoe of several places. 

St. Petersburgh ... - 1-403 

Stockholm • 1-342 

London • .... 1*330 

Berlin - - - . . 1-364 

Paris • . . • • 1-348 

Vif^nna - - . . 1-325 

Florence .... 1-278 

Madrid ... . - - 1-294 

Rome - . - • 1*264 

273. The action exercised \\\>on the eartli by a magnetic needle is not a 
directly attractive, but rather a directive force; for if a magnetic bar be placed 
on a cork, and allowed u> float on the surface of a pool of water, it will not 
travefse it so as to reach its northern side, but will remain where it was 
placed, but widi its poles arranged in the magnetic meridian. The bar will 
tfaos point towards both poles of the earth without evincing any tendency to 
move towards either. Hf?nce the influence of the earth's polarity on a needle 

direclioe not aXlr active ati i may be represented by two equal parallel, and 
oi)posed forces. This may be readily understood by admitting the distance 
of the magnetic poles of the globe to be almost infinite with regard to the 
needle, and thus permit their inflaenee to be exerted on the needle in parallel 

Fig. 162. 




Hnes. For if a magnetic needle a», be made to assume the direction cm by 
the applifli|i|oii f^ff any foroe^ the resoltant of all die ^Hoes whid| act obliiqjaaljr 
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OB 0^ to move it Mratds i^ niftjr be ye prc ieB to d bj «t, pnvllel lo le. Bni 
this ibiee may be fMolved (06) into others, one, if, pnallel, and anoiliw, ix, 

perpendicular to oc. On completing the parallelogram okif, the line or will ^ 
represent that part of the force gt, which is effective and active in movin? « i 
townrds A, At ilio other ttfid u, of ilie needle a similar appl)ratir>n of the 
parallelogram ui lurces will also apply; the lorces acting on tlie opposite ends 
of the needle in opposed direetkmt will tend to piodnoe elmilsr eflbeUi end 
to dinet the needle en into the diieetkm of the niagnetio metidiBn ab. This 
directivt actkm on Uie needle is alwaya equal to lAt tim ef l&f Mj^it made bf 1^ 
with the magnetic meridian. 

274. Occasionally a magnetic bar will be met with, m which inatiuetic pn> 
perties are developed, not only at its poles, but in certain intenneWinti' |x>5'i- 
tions : this arises from an irregular disturbance of the equilibrium of the two i 
flnidsi and ie genefallyeonneciiBd with aome peoniiari^ in the etrnoinie of the 
bar, or in the mode in which the deoompoaition of ite latent and comliiaad 

Fig. 163. 




magnetism is eiObcted. In sach a bar, if jplaced beneath a sheet of pasteboafd, 
and iron filings siAed over it, the existenee of its seveial poles will be demoa- 

strated by the manner in which the filings become arranged. Thus, instead 
of forming two series of curves (252), as many become developed as there 
are poles in the bar^ pointing out the position of what are mlled tonserutm 
ptkt, Thns, in flie above figure, ba are the lermiual, and ub ihe coiiiiecuiiTC 
poles. 

875. In die ibregoing remarks, the only sobstance mentioned as capable of 

assuming and presenting magnetic phenomena, is iron. It ha8,however, been 
long known that twoother metals at!ea.->f, nickel and colialt, possess a similar 
property, aliliough in a much less degrge than iron. From some researclifs 
of Coularab, however, it appeared probable that some organic substances wore 
obedient to the influence of a magnet. The whole subject has lately received 
a vast and unexpected development in the hands of Dr. Faiaday. This 
tinguished philosopher found that when a powerful electro»magnet (483) wat 
employed, the following bodies were acted upon with vaiying intensity, and 
hence they must be added to the category of magnetic metals with iioa, 
nickel, and cobalt, 

ManganesOi 

Chromium. 

Cerium. 

Titanium. 

Palladium, 

Platinum. 

Osmium. 

fUTfi, It was moieorer discoveTod Aat the salts of tliese bodies were, as well 
as those of iron, nickel, and cobalt, obedient lo the powerful electio rosgnec 
when made into bars by filUng thin glass tabes with them. Nay, their 
twiw, yero absolute^ thus acted on. Gieen hottleii;la«h ciown-«|i»b «rt 
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eT«n a toU of writing paper, ai9 Mtnieled by the migiMC in msequenee ef 

their containing iron, 

277. As magnetism alwajrs eziflts in iron, altliough in jft latent state, it it 

readily excited, or in other won?? the combined fluid*! decomposed, by various 
processes. A bar of soft iron placed in the ma{?netic meridian (264), ahnost 
instantly, under the inductive influence of the earth, acting like a second mag- 
net (256), acquires a low degree of polarity; if the iron be too close and ooin- 
paet ta allow this ready deeoropoeitioB of the mag&etie eqniUbriain of the hart 
a liBW hiowB applied at one extremity, to caoee it to yibrate, will, geoeially, 
very considerably aid the inductive influence of the earth. A bar of iron 
heated red hot, and allowed to eool in the direction of the mnjrnetic dip (266), 
will generally be Ibund to be magnetic, and bars of irrm lelt ir^r some time in 
this position, or one approaching to it, will acquire a low degree of magnetism : 
heooe pokeiB, tongs, iron hooks, or other ferruginous bodies long kept in a po- 
sition of about 70 degrees with the horizon, are always Ibnnd to be moie or 
less magnetic. A thin bar of iron, as a piece of wire, may be rendered meg- 
netic, by forcibly twisting it until it breaks. A strong electric discharge will 
produce a similar efl!ect, and even, according to some observeis, exposure to 
the violet rays of the prism. 

278. An iron bar may bo rendered magnetic more readily by various pro- 
cesses, tedinioally termed Umdmy all depending upon indnedve action (255). 
The simplest mode is to pass one pole of a magnet over the whole length of 
a bar of iron or steel, of course always in the same direction; the end of the 
br^r last tonclied by the boreal pole of the mag- 
net becoming an austral pole. This is usually Fig. 164. 
termed the process of the single (ourh. Another js 

and convenient mode, is to join the oppjosite 1 i i 

poles of two magnets ab, to place them over the !■ y ' -| — ' 

centre of the bar of iron c, and to separote ab e 
from emch Other, drawing them in contmiy di- 
rections over c. They are then removed, n'^'m placed together, and reap- 
plied to c, once more separated, and so on, the bar c ultimately acquiring a 
very energetic degree of magnetic intensity. 

The process of the geparaU touch is somewhat similar to the last, except 
that the ends of the bar c, rtd upon the opposite poles of two sets of magnetio 
bars made by fiMrtening four or five together, with their poles in the same direc- 
tion. A and B are, instead of simple bars, similar compound magnete, not lying 
on the bar c, but elevated at an angle of about twenty-five or thirty degrees; 
they arc united and then separated by drawing them to the opposite ends of 
the bar c, as in the last described process. 

279. In the process of (Epinus, or the douhlt touch the bars are similarly 
plaoed, as in the ttparati UmA last described, but the magnetiidog bars are 
inclined at an angle of fifteen or twenty degrees, and not separated; but moved • 
from the middle to the ends of the bar of iron backwards and forwards, com- 
mencing and endinc: the friction in the middle. In the following figure, ab 

is the bar to be ma^'netized, ns and nV, the fixed magnets on which it rests, 
and vs, ji V the movable magnets, kept asunder at sh^ by a sjnall piece of 
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mod: bf 'Ais ptoom yretf tluek bars may be readily mu g n i ftfa e d . Tbo 
tnagnats employed in theae piooesses do not give up any portion of their 
fluids to the bars, they are used merely to errite in the manner already ex- 
plained aa each particle of magnetic iiuid is lirmly tied to the nu.nu of 
iron to which it belongs (358), and qonsequently they do upt suii^r by tlio 
process. 

280L AmottMDBelleotiiiodeof eioitingmagiiieti 
IbllowUig^ the mailt of which is doe to JwaM of Dresden. Let ab be the bax 
Cobe magnetis^ place it on the table in contact with the poles of a horse-shoe 
magnet its, then plaee a b«r of soft iron on the pole? of !«rs and glide it o%'er a a 
in the direction of ihf arrow ; then lift it oif, replac : u, a^^uin i:!i(le it, and so on. 
AAer doing this hall a-dozen times the friction should Lie applied to the oppo- 



Fig. 156. 




Fig. 167. 




lite udeS| and the bar wWl be found powerfully magnetized. Pesehel suo 

ceedcd, by strokin^^^ a horse^shoe of steei ol one pound nvei^ht 
six times in this manner, in rendering it so poweriuiiy mag- 
netic, that it lifted with ease twen^«aix pounds nineomioea. 

281, Magnetio ban m Bometimesbentiino the ahape of 
the letter Vi and are then termed AorvMibt magnets and 
several are not uniirequently fastened together, with their 
fsimilnr poles in the same (direction, constituting a battery of 
ni'iu^ncLs. In this case they are peculiarly titieil for lifting 
heavy weights, as, by applying u bar uf soft iron, a, to 
their poles, it becomes by inductive action (255), a mag- 
net, and will adhere to the poles with a very eooMdeiable 
force. In constructing magnets, it is usual to draw, with a 
file, a line on that end of the bar which it is intended to 
convert into an austral pole, or tlint wliirh, if freely *:m8* 
ponded, would point towards the nortii pole of ilie eanlu 
282. The coercion force oi the other magnetic metals, by wluch is meant their 
power of retaining magnetism once developed in them, especially nickel, is 
not so enerfetio as that of irao, according to the experiments of Biol The 
ban used for these researches were prepared by Baron Thenafd, and wera 
as free from iron as the chemical skill of that philosopher could render thero, 
M. Biot f()und that the magnetic intensity of bars of steel and nickel, of the 
same size, were to each other as 0 002215 to 000G84, the intensity of the 
steel magnet being mure Uiaa three times as great as that of nickel. The 
magnetic intensity of cobalt has noi been examined so careihlly as that of 
niekeL 

883. A beantifiil illustration of the node of detemining the intansi^ of 

forces acting on a needle, by a number of oscillations it performs in a given 
time, is found in the demonstration of the Inw of intensity of magnetic action, 
for which, aniong a host of other invaluable itivcstiirntions, science is indebted 
to M. Coulomb. A small needle suspcnde<.i by a single thread, and protected 
ftom the infiuenoe of afirial eurrents, performed fifteen ofloillations in one 
minalei lot the diwotive Ibice (231) of the eaxth ptoduoing tfaaaa be oallad 
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fit. A Inng steel magnet placed in the magnetic meridiant oti^ pole 
proached to the distanee of feat inches fiom the needle, the letter made 
Ibfftjr^me osciUatioDs in one minute ; the force thus exerted maj be eelted ft/» 
On removing the pole to ei|^t inehet Ihxn the needle, the tetter made twen- 
ty-four oscillations in the same time ; this forop mny be represented hy m'^. 
Tlie acdon of the magnet on the needle, in the hrst experiment, i"^ — m, 
and in the second n/* — m, becuu^e its effects resulted ixom its own loroe jte 
the attraction of the earth, thus, 

a/-iii 4l)«^(15)« _ 145r> _ 

m 24)«— (15)* 301 * 

here, in llie second experiment, when the distance of the needle from t]ie 
pole was twice that of the first experiment, the magnetic intensiiy was ibund 
to be diminished, as nearly in aooordance with the law, of its being inTenely 
aa the squares of the distaooeS) as experimental ioTestigation oould be ex- 
pected to approach. 

284. Magnets, if left to themselves, p-adually and in a space of time rary- 
ing M'iih the hardness of the metal composing them, lose their magnetic 
properties, from the recombination of the separated fluids. This is prevented 
by keeping their poles united, by means of a piece of soA iron, wiiich, be- 
eomifif tnagnetio by indiictkiOf leacts on die magnetism fim in the poles of 
t'lr magnetic bar, and tends to increase instead of dimitiishing their intensity* 
This taming force becomes remarkably diminished by raiaingthe tempemtnre 
of a maf^ietic bar. If a m?}?net be l»eated to 100®, it appears to lose much 
of its attractive power, but recovers it on cooling. But li the bar be heated 
to redness, and then cooled, it will be fonnd to have lost all traces of mag- 
netism. On the other band, the power of a magnet appears to increase with 
ila dimitmtioQ of temperature to an almost indefinite extent In the weakly 
magnetic metals, their power becomes remarkably increased by exposing them 
to a tempeiatnie bek>w aeiOb If a ball of iron be heated to whiteness, it 
ceases to have any action on a magnet needle held near it. Nickel, at a 
tempeflitnre of G3U°, squires a similar {mssive state. 

285. Artificial magnets have been constructed by reducing to powder the 
native magnetic oxide of iron, and ibiming it into bars with wax and oil* 
They may also be oonstnicled b]r Ibrming the artificially prepared black oxide 
of iron, into bars with wax, and magnetizing them by one of the prooessea 
already described. 

A great nimd^er of mineral and even organic matters appear, fn .n/ t^ie 
retiearches ol' Coulomb, to be capable of assuming a faint and transient degree 
of polarity. And when studying the science of electro-dynamics w© sliaU 
leern that all metals under the infloence of electric currents are capable of 
acquiring well-marked magnetic properties (470). 

28G. Hitherto^ when a bodjr, not itself possessing magnetic properties, has 
been alluded to as obedient to the action of the magnet, we have found that 
H is equally affrorfhe by both poles. Tims when a \:x\r of soft iron is sus- 
pended over the poles of a horse -sliDe rnaL:;net, ho as to be free to move, it 
attains a state of rest in a position ^jarailei to a hue connecting both poles, or 
in the direction of what has been aptly called 'the lines of magnetto fiMroe; 
the cause of which may be lendeted obnous enough by sifting iron filings 
over a piece of eaid-board resting on the poles (252). Dr. Faiadhy, howerer, 
discoveretl the remarkable fact that a vast number of Iwlies are mutnally 
repelled hy both poleg. And thus, when formed into bars and suspended by 
means of a long and slcriiirr tijread between the j)oles of a powerful magnet, 
they vibrate, and uitimaieiy cotnu lu xcat ui u iiue ei^ui-diaiaui from both 
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poles, and perpendiculnr to the lines of magnetic force. A direction, conse- 
quent! jr at right angles, to that taken by a bar of iron. As this power, air 
though obrioiif enongh, is stSlI fiur weaker than the attiaeiive power eitf> 

eised on iron, some ttttlo management is neeessaty to render it eWdent. 

287. The best apparatus for this purpose consists of an electro ma^et ( 4811), 
|>otb ^)<^cause of the imnrionso power wliich may be communicated 10 it| aod 
o£ our being able to reverse or destroy its polarity at wilL 



Fig. 16a. 




An electro-magnet ns, capable of holding a bar of iron on either pole with 
a furce of at lea^t fifty or &ixty ]>ounds, should be firmly fixed to a wooden 
auppoft. From the ceiling of the room a slender thread <&a, should be sn^ 
pended, having attached to its lower end a double hook or cradle of thin eop* 
per wire. The substance to be examined should be made into a bar, or, if 
in powder or solution, placed in n tliin glass tube, and carprtilly allowed to 
rest in the little cradle. A cylnider or case of glass CHight, in maay cases, to 
be placed round the apparatus to prevent the interference of currents of air. 
• The wires cz of the coil surrounding the iron bars should then be connected 
with the battery. The iron bars instantly become powerfully magnetic, aad 
die body placed in the cradles will either be- attracted by both poles and 
assume a corresponding portion, or be repelled by both, taking up a positkm 
nr ri^'ht nnj^lr?* to a lin?^ connecting them ; or, lastly, be quite unaffected. A 
bar of iron will illustrate the first condition, one of bismuth the second, and a 
tube full of air the third. 

288. These bodies which are attracted, however feebly, by the poles Dr. 
Faraday proposes to call magneHe according to general custom, those whisii 
are repelled he terms SiMiuignttiei whilst those which obey neidier lone ass 
regarded as indifferent. 

289 The first substance in which these now dia tnngnetir properties wrre 
detected u as a heavy glass, composed of silicated borate of lead. A bar of 
this two mchcs long and half an inch thick was suspended between the poles 
(287) and allowed to oome to rest As soon as the bar was quite quiet, tbe 
wires ci of the apparatus were oontieeted with a battery often pairs on Ur. 
Grove's constmction (490). The ban instantly Ix c ame powerlnllyinBgnsliet 
and the pieoe of glass as quickly move<l away from both poles round its pmitl 
of suspension, find tf»ok up its position at right anglc?> to n lin« connecting: tlie 
poles. The po-iiioii oi the piece of glass was unmlliu net d by reverjiin^ the 
magnetism of tiie bars, being always repelled by both poles under all drauB* 
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ttaDceSf 80 tfaat'it might be regarded as a magnet pointing east and west, in 

relation to \hc north and south polos of the electro-magnet. If but one pole 
of the magnut be employed, the same repulsive action is exerted, although of 
course with less energy. 

990. To produce the eflbct of ptrintinf aoiois the Hnee of magnetie ihioe, 
die finm of the dkHnagneUe body mutt be kmg. A cube or sphere will not 
thus pointi but two or diree placed side by side in a paper tray wUL But 
ponions of any shape are repelled. Thus, if two fragments be su'-pended 
between the poles parallel to eacli other, they will appear to attract each 
other, in consequence of being simultaneously repelled by both poles. 

291. Fhnt>glass is similarly acted upon by the magnet, but not so power* 
fnUy as. the heavy glass. 'Cylinders of pboephonis, sulphur, and caoutehouo 
are readily aflbcted by the magnet. A large number of crystaline bodies as ■ 
wfl! as ether, alcohol, oils, water, and blood, when inclosed in tubes, were 
all found to be dia-magnelic, nnd to hcrnme repelled. Animal flesh is thus 
acted upon; hence, as Dr. Faraday has observed, if a man were suspended 
over the poles of a sufficiently large magnet, he would be repelled, and point 
sist and west 

292. Among the metals, the following were found to be most energetically 
Hamagmtiic in the ocder in which they are placed. 

Bismuth. 

AntifcDony. 

Zinc' 

Tin. 

Cadmium. 
Mercury. 
Silver. 
Oopp0« 

Bismuth is very readily thus acted upon, and a small bur of it, two iuchcs 
long and half an ineh wide^ is peculiarly iltted Ibr the exhibition of the phe- 
nomena now described. 

293. The fact of salts of the magnetic metals obeying the attractive action 
of a powerful electro-magnet has been already alluded to (.27<3). In the case 
of iron, some curious and liighly interesting anomalies were ob??er\ed, evi- 
dently conaectcd with the constitution ol liiu salt. Tiius the chlorides, iodides, 
nlphstes, phosphatei^ cbromates of iioui and even Prussian blue, all obeyed 
the attraction of the magnet, whilst the yellow and red prussiates of potass, in 
which the iron does not play the part of a base, were repelled and appeared 
dia-magnetic. A fine illustration of the relation between the force of magnet* 
ism and the molrculnr coristifution of a Sidt. 

Dr. Faraday placed buiuiious of protosulphate of iron jin tiiin glass tubes, 
and so suspended them that they oould be immacsed in glass vessels placed 
between the poles of a very powerful electro*magnet He thus discovered, 
that when a tube was filled with the solution of iron, and immersed in a so- 
lotion of iron of the same stren^nh, it was utterly indifferent to the action of 
tlie niiij^iif t. "When ininiersed in a much stronger solution, it was repelled 
like a dia-niagmiic^ and when in a much weaker solution attracted like a 
m^mtk body. Water being a dia-raagnetic (288), and sulphate of iron mag- 
netic, a solution can be prepared of such strength as when suspended in the 
lirto be rtl ) )lutely indifferent to the action of a magnet. 

294. The following li«t is given by Dr. Faraday* as giving a view of the 
intensities with which ditferent bodies exhibited magnetic and diaomagnetio 
pUcuomeiia. 

. «m. Trans., 18«. 

• w 
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JfofMCM; Jron. 

Nickel. 

Cobalt 

Manganese. 

FftllaiSium. 

CrowD-glaas. 

PlatiDttin. 

Osmium. 

Arsenic. 

IndiffertrU ..Air and Vacuum. 

Ether. 

AIoqIioL 

Gold. 

Water. 

Mercury. 

Flint-glafiS. 

Tin. 

Heavy^lass. 
Antimony. 
Phoflphofus. 
IXiHiuigiiclic . • . • «BiBinuth. 

295. It is really difficult to guess ai the limit wbloli maj exist to die power 
of magnetism in contiollhis or inflneneing moieoular foices. The elaborais 
inTesttgations of Dr. Faraday have opened out a field of rich promise. A 

force which a few years ago was supposed to influence pieces of iron only, 
is by these researches shown to act upon almost every form of pondpmble 
riiattcr. It is perfectly true that La BailHf Rome yenr"? ago Rwcertaine l Jhat 
pieces of bismuth and antimony acted ou the magnetic needle, uad ihai Cou- 
lomb made a similar statement regarding many organic snbetanoes. Att 
neither of these philosophers followed up ttieir oibservatioasi and to oar own 
distinguished countryman is due all the merit of the important disooveriss of 
which I have given an outline. 

296. There are some few remarks on record respeclinj!; ihr* influence of 
magnetic i>olarity on die reduction of metals and crystalizaiiuti, hiiherlo re- 
garded as but of little importance, but the discoveries of Faraday make ail 
each statements now matters of interest, and render a farther inveetigation cf 
them necessary. Bersellas states, on the authority of Hansteen and Maseh* 
mann, that when the centre of a U shaped tube is filled with mercury, and 
a "olntion of nitrate of silver poured into cither leg, the reduction of the silver 
and growth of the Arbor THarur take place equally in either leg when th»\v 
are placed respectively east and west. When, however, they are placeti 
parallel to the magnetic meridian, the silver is reduced in greater abundance 
in the northern leg. Mnrmy has stated that when iron wiree are placed in 
weak solations of nitrate of silver^ no change takes place, but ^e silver is 
reduced immediately the wires are rendered magnetic by bringing near them 
the poles of n |>o\verful magnet. Another eurious statement has been mnd# 
by Ludocke, thiLt when a glass vessel containiri<,' a concentrated solution ol 
suit is allowed to rest on the poles of a powerful iiorse-shoe magnet, the crys- 
tals which form will be collected at the bottom of the glass in every part, 
except a space corresponding to the two pdes and the magnetic field between 
them. Ludecke mentions solutions of acetate of load and sal ammoniac ss 
readily exhibiting this phenomenon. This might be explained by regarding? 
them no. dir^-mngnetic, had he not also stated that sulphatr nf imn pre*entetl 
the same etfect, which salt being magnetic would not permit of the wmt 
explanation. « . 
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CHAPTER XL 

BLBCTBXOITT. (pmiKUtT PBSNOXBXA.) 

Bmuawn, 297. Attradion and Repuhion, 208. Cottdueton, hmdaiiim, 300, 

Nnhtral state of the two Ekrtrintw^, ?,0?>. Electroscopes^ or Electrometers^ 30^ 
Coulomb's balancej 307. Excitalion of (Jiffrrent mbstanceSf 30S» Spark, 311. 
Superficial diffusion of free EledricUy, 313, Induction^ 31t$. EUctrmhor^ 
382. jEtoHc tennon, 324. EtttOnMatic Laws, 32^, 

297. If a thick glass tube, previously made dty and warm, be briskly rub- 
bed, for a fpw sprortf^o, with a piece of silk or woolen cloth, also dry and 
M-arm, and then held near small pieces of paper or cork, placed on the tabic, 
these light substances will be attracted by the excited tute, and leap towards 
it After adhering to its surface for a short time, they will be repelled to- 
wuds Ihe fmble, alter toncfauig wfaksh, ihejr will be again attracted by the tiibe ; 
ind Acse phenomena will be repeated, until the properdee excited by the 
previous friction on the giirface of the glass vanish. A piece of amber, sul- 
phur, or scalin^-wax, afirr excitation by a woolen ckith, wiU f^ iK^b it the plie> 
nomenon of attracting light bodies, like 

the glass tube. Fig. 169. 

298. Suspend tt light ball of ptdi of 
elder, or cork, by a long ulken tbiead 

fVom the ceiling, or any convenient snp- 
port, nnd appronch towards it an excited 
glass tube, the ball will be attracted, and 
■Aer adhering for a short time to the 
tube^ wfll be repelled to a oootideiable 
distance, nor will it be again attracted 
until it has touched some substance connected with the earth, and thna kwt 
the pecuUar properties it had acquired by contact with the tube. 

Whilst the j)ith ball is thus repelled by the tube, bring towards it an excUed 
piece of sealing- wax,it will instantly be attracted by it, socm, however, becoming 
repelled, when it will nuh towards the glass tube, if held sufficiently near. 
It will thus Tibinte like a pendnhini between the exdted gfaws and sealing- 
vnx, being alternately attracted and repelled by each. 

290. From tho?^e simple experiment? we learn that certain bodies arqnire 
by friction propeTiles oi' which they wvrc ])reviOusly flesiituto, whirh proper- 
ties become readily manifested by the atixaction and repulsion oi iiglit bodies. 
As these idieiMinena were first obsenred in pieces of amber (HxiimMr) die 
tarn dttiruUf has been applied to the properties thos exdted. We also, 
from the observations just made, learn that the eleotridtjr eioited by the fric- 
tion of glass is communicated to pieces of paper, or y)ith balls, placed in con- 
tact with it, and that the bodies thus acquiriiis;; rh cincity are repelled by the 
tube, until after they have given up their acquired electricity to some body 
brought in contact with them; and as, when thus repelled by excited glass, 
ike ball is attiaoled If emited resins, we have fiur and valid reasons tbtoon^ 
ebdiDg that the electricity developed in these substances by friction consists 
<^r two fliffercnt ppccies or kinds. That which i? acquired by excited glass is 
termed the viircmts or positive electricity, and tlmt by excited amber, M'ax, and 
resins, the resinous or mgatwe electricity* We learn, moreover, that bodies posf 
Id 
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I'JQ ELECTRICITY. 

sesBtng one kind of electricity are dtiraded ikmpouatmg ihioppo^kbi^mid 
repelUd by those ^mmg thaamekkld. A substance powering either specif 
of electricity ina free state is said to be ekdnfkdf fUgatuvOy^il its electricity 
be negative: and po^Hodyy if it be positive. 

300 In consequence of the wax, glass, &c., in the preceding experiments, 
acquiring electricity by Iriction, ihey are said to be idio eiectnq, whiisl those not 
possessing this property, as metals, are termed iutAcfrki, Tjm die geoeni 
law of bodies, similarly electrified, repelling each other (29fl), we aoqniie a 

very convenient mode of detecting tlie presence of 
Fig, 170. fifee electricity: instead of a single pith hnU (;29S), 

use two, fixed one to each end of a piece of thread; 
and hang this by tlie mifldle aert a ill support. On 
touching thisiitUe apparatus vviih the excited tube or 
sealing-wax, electricity will be commnnicated to i^ 
and the balls being similailf electrified, will repel 
each other, and separate to a considemble distance, 
forming the simplest kind of electfoooope or indicaiar 
of free electricity. 

301. Insert into either end of a hollow cylinder of tin, c, supported by a 
glass le^i, a wire or rod of metal, as brass, b, and one of glass or sealing- 
wax, A, and suspended from each a pair of pith ball^ fixed to thread or 
cotimL Thentoochthemiddleof the cylinder G with an excited glass tabe; 
immedialelf the pith balls suspended from the brass rod m will separate from 
each other, whilst those suspended from the glass a will remain unaffectwl 

This curious plienonienon arises from certain 
Fig. 171. bothes, as metals, cotton, thread, &c., possessing 

■ the property of amdurting electricity; whiht 

f V-g r t others, as wax, glass, silk, &e., are incapableof 

^ being traversed by it. On this aooountf bodies 

ob ^ fl «^ ■ divided into two great groups ; cm- 




ductors and non-conductors of eloetricity; the 
^ former being in general idriuieal with antUc' 

' ^ '-^ tries, and the latter wiiii idio-ekctHcs (300). 

The line of demarkation between these two 
great classes is bgr no means strictly definable, as a large munber of eobstaness 
exist which conduct electricity when piteent in large quantities, and insulsts 
(302) it when in small ; or whose oonduodng powers vary with their teropen^ 
tare. 

302. Among conducting bodies may be ranko ! metals, charcoal, water, 
steam, all animal and vegetable substances conUiuutig water, and many other 
bubbiances; whiUi glass, and all vitrifactions, gems, resins, sulphur, metallis 
oxides, organio sobstanoss perfectly free from water, and ice^ are all more or 
less perfect nonconductors and idio-electrics. A substance supported by a 
non-conductor, as when placed upon a stool of glass legs, is said to be tam toitrfi 
from its electric connections with tlie earth being separnted. 

303. Electric matter is universally present in nature, but in a latent state; 
the reason of which latter circumstance, the preceding observations will cu- 
ublo us to understand. The two species, or negative and positive eiectricityi 
exist in nature coaiMnMf, fbrming a neutral oomUnation, in an analogous man- 
ner to the two magnetio fluids (258), incapable of exerting any obvion* 
physical action on pondcfable matter. By the process of iViction, or other 
mechanical or chemic?d mpans, we deeoTii]>ose this neutml combination, 
negative and positive elements sef)arai une adherin;; to the surface of the 
excited sulji^Uince, the oilier to the iul>lji«i ; hence, in no case of eleciricsit cx- 
ciUMiuu caA wo obtain one kind of electricity, without the other being suuoits* 
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neoQsIy developed. And all electric plienomena, from the dmple ones jost 

flcf.frilM'!!. to those of a more lirilliant clmmrtor, •which we shall presently 
exaniiue, are referable to tlie mutual attraction of iho two separate eiectric 
fluids for each other; by which they attetnpt to combine whenever they have 
been artificially sepaialed. • There is an easentkl distinction between the 
pmperties of the magnetic and electric 'flaids conneeied with thdr diflhrent 
relations to pondeiahle matiiar. Thus, if we admit the existence of a mag- 
netic fluid at all, we must grant that it is necessarily firmly nnitcrl to each 
molecule of ponderable matter; so that although we can disturb the magnetic 
equilibrium of an atom, we cannot disperse its magnetism among other atoms. 
Whereas in the case of electricity we can sever the two electric elements, 
and in appearance, at least, compel them to separate to a coBsidemfale dis- 
tanoe, in diiferent masses of matter, as shown by the 'phenomena of induc- 
tion. Wt^ do not observe any free electricity on the surface of metallic bodies 
submittcii to friction unless carefully insulated, in consequence of their so 
readily conducting electricity, that the re-union of the negative and positive 
fluids takes place as rapidly as they are separated by the friction employed. 

Both fbnns of electric matter, separately, produce precisely the aame phy- 
sical eflects on bodies, differing only in their properties in relation to each 
other. These electricities, although frequently called fluids, have but little 
claim to that desiirnation ; in using it, therefore, let it be always understood in 
a conventional sense, n8t as expressing any theoretical view of the physical 
states of electric matter. 

304. Certain pieces of apparatus, termed electrometers, or more properly 
elSGtroscopes, are constantly called in requisition, in prosecuting the study of 
electric science; the pair of pith balls already described (300) are frequently 
called by lliis name, and employed to detect the presence of free electricity. 
As the currents ot air always movin:? in the atmosphere, render the indica- 
tic»i9 of the pith balls obscure, they are irequentiy suspended by linen threads 
to a metallic rod fixed in the neck of a glass bottle or cylinder, a. On touch- 
iog the top B of the apparatus with an excited piece 
of ^rlass or resin, the electricity is diffused along the 



taeiallic rod c, in consequence of its 1x;ing a «7oo<l 



Fig. 193. 




conductor, and reaching the pith hallo, tliey, bcconmii,' 
iimilarly elctrifitxl, repel each other (298), and by 
thflir repulsion the presence of free electricity is indi- 
cated. TlM electric fluid does not escape from the 
rod c to the earth, in consequence of the glass jar 
supporting it being a non-conductor, and therefore 
acting as an insulator (302). 

The electricity thus acquired by the pith balls gra- 
dually disappears by its becoming neutrolized by ae- 
qairing from the circumambient air,die electricity of the 
opposite kind to that with which it is charged. 1 fthe 
outside of the glass vessel in which the pith balls are 

suspended, be moist, they will still more rapidly lose their electric state, in 
consequence of their acquiriag from the earth the opposite electricity, and 
thus Ittving their mitnral electric equilibrium restored. For this reason it it 
absolutely neoessaiy to carefully diy the exterior of the glass vessel, to insure 
the success of an experiment To prevent the deposition of moisture on this 
as well as all other pieces of electric apparntus, it is usunl to cover the upper 
part of the glass extrrnally- with a solution of shell lac in alcx)hol; this, on 
drying, leaves a nearly transparent covering of an excellent insulating sub- 
itanee, whii^ is less liable to attract moisture fiom the air than the naked 
flaat. 
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305, The best electrometers are generally furnished 
with a contrivance invented by the late Mr. Singer. 
In Ibis amogonMiit the metaUie lod to which the 
pilh balls are attached, peases thnnigh a glass tube» 
oovered both externally and internally with lac var- 
nish ; this rod retained in its place nt b by a plug 
~1 of silk, lac or other non-conducting substance j the 

I 11| ii ad vantages of tiiis contrivance are su^ciently obvioua, 

I JL ! fcr it if evident that any eleolridly oommniiioaled to 
h Tt ^ f ^ ^ ^' ^^"^^ ^ neutralized esseptiiig from the 

11 27 B^i') until the whole of the interior of die tube a, and 

II ^ H the ont?5de of the apparatus becomes covered with 
t^HMHw^^B^^J * moisture. I have repeatedly found such an instru* 

ment perfectly sensible to mere traces of electricity, 
after having remained anused, and even corerad with dost, during dx. months. 

As it is oflen neoeeserf to discharge these instnunents of aU the electricitj 
ooramunicated to them, two slips of tin-foil dd are usually fixed along the 
inside of the f?laf5«» case of the instnnnent, «o as to touch its base, which for 
this purpose iiiu^t be of metal or bome gcHxl conductor. On communicating 
electricity to :iuch an electrometer, the pitii balls separate, and, striidng the 
dips of tin-ihll» thns heoome leadilf nneleotrified. 

306. When we haye oeoasion to detect any minute qoantl- 
ties of electric matter, the weight of die pidi balls in the lest 
described electrometer interferes too much with the delicacy 
of the instrument; on this account two slender slips of leaf- 
gold, hanging parulici to each other, are with great advantage 
Bufattiiuled fyt the pith baUs. A gold^leef deetiometer, with 
Singer*s mode of iasoiation (305), furnishes us with the moat 
delicate instrument for the detection of small quantities of ^eo- 
tricity which has yet been contrived. 

307. All the in^tninients above described, merely indicate 
the prnence, and not the i^nlily of electricity present in any 
substance in a ftee state. For a mode of gaining an approz- 
imatiQo to the knowledge of pnqKurtion of eleetricity, we 

are indebted to the sagacity of M. Coolomlv 
whose torfion b« lance well fulfills the expecta- 
tions of its contriver. It consists of a slender 
beam, b, formed of a lament of lac, fumi^ed 
with a gilded pith ball at one endi end a little 
▼ane of paper at the odier. This is suspended 
by a fine metaUie wire, o, or still better, by a fila- 
ment of spun glass, in the middle of a cylindrical, 
or square cages of glass. The upper end of this 
wire, or glass tliread, terminates in a key, s, fur- 
O nished with an index, the whole capable of movinci^ 

] in the centre of a circle^ e, graduated into 300^ ; 

^»r~T:. ^ through a hole, b, at the top of the glass cage^ a rod 

o) t"^ ^ of lac, P, terminatinsr in a gilded ball, is inserted ; 

being prevented faUing in by a stop at k. This 
bdll is generally termed the carrier-hoU^ on account 
of its being used to convey the electricity of an 
excited body, to the electrometer, so that its ten- 
sion may be examined. To use this instrument to 
detect the presence of free electricity, the rod p is 
removed, and its ball brought in contact with the 
substaooe whose electricity is to be examined \ the 




Fig. 175. 
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Ml acquires aome of the free electric fluid, and on being placed in tlie glass 
cage, it sbares its electricity with the ball terminating ibe borisontal needle, 
B. The two being similarly electrified, repel each other; and as r is fixed, 

B necessarily moves, and describes a certain angle, which it retains until it loses 
its electricity : to measure the quantity of fluids thus acquired, the key b, to which 
the glass thread c is fastened, is turned round, until, by the torsion, or twist in^r 
of tlie thread, the ball of b is oompetleii to come in contact with liiut of f. 
The number of degrees described by the index fixed to the revolving key, 9, 
gives us an approximation to the proportion of electricity acquired fay the ball 
of p, during its contact with an electrified body. 

308. It has hnen already stated, that in no instnnce can one kind of elec- 
tricity he excited without a corresponding portion of the other bein;^ set free; 
it being lUterly impossible to obtain one electric fluid in a perfectly frt^e state 
without evolving an equivalent quantity of the oilier, as we are taught by the 
pheiiomeaa pf inductioii (3)5). In the present state of our knowledge, no 
geaeral rule can be given as to what form of electricity is acquired hy the 
friction of different substances, further than what daui the results of experi- 
ments on this subject have furnished us with. IMany substances, excited or 
rubbed by one rubber, evolve negative, and when submitted to the friction of 
another composed of a different material, evolve positive electricity; thus, 
smooth glass becomes positively electrified, when rubbed by flannel or silk, 
and negative when excited by the hack of a living cat Sealing wax, on the 
other luiiid, becomes positive when rubbed by metallic substances, and nega^ 
tivejby almost everydiing else. A very useful table, exhibitlDg the results of 
nmneroos experiments, has been given by Cavallo: 



Substances 
excited. 



Bjick of a cat 
i)incx>th glass 

Rough glass 

Tourmaline 
Hare skin 
White silk 
fiiack silk 
Sealing-wax 
Biked wood 



Kind of 
Kleetficity. 



Positive 
Positive 
Positive 

Negative 

! Positive ■ 
Negative 
( Positive 
I Negative 
( Positive 
( Negative 
C Positive 
( Negative 
C Positive 
( Negative 
C Positive 
) Negative 



Material ibrming the Kubber. 



Every suljstaneo hitherto tried. 
Do., except the back of a cat. 
Dry oiled silk, sulphur, metals. 

< Woolen-cloth, paper, wax, human 

I hand. 

Amber; a current of air. 
Diamond, the human hand. 
Metals, silk, leather, hand. 
Other finer furs. 
Black silk, metals, &c. 
Paper, hand, hair, &0. 
Sealittg-wtx. 
Furs, metals, hand. 
Metals. 

Furs, hand, leather, cloth, paper. 

Silk. 
Flannel. 



309. Dr. Famday submitted the Ibltowing bodies io frielk»,and fiwind that 
any one of them became negetive with the snbstanees above and positive 
wiih those beneath. 



1. Catskin or bearskin. 
% FlanneL 



15» 



3. Ivory. 

4. QuilL 
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9u TUtOMfwHA 10. The Hadl 

6. Flint-gkM. 11. Wood. 

7. Cotton. 12. Lac. 

8. Linen, eanvaa, 13. Metals. 
0. Wliite silk. 14. Sulphur. 

The mode of rubbing often makes a remarkable difference; thus, a feather 
merely brushed against a piece of canvas wiU be negative, whilst if drawn 
tbtcSbty between its fclde it will be poeitiTe. Two pieces of flaanel drawn 
aeraea eetbb o<her will poasew difietent electrio states, aoooniiii^ to the dirae> 
tioii of the friction. 

310. Klertricity is not only <;et fre© by friction, btit by almost every form of 
mechanical change tn whi li any substance can be submitted; mere pressure 
is quite sufficient lor this purpose. Taice two pieces of common window- 
glass, each presentiiig a snrfboe of about ftnr square inches, to the centre of 
each flxa piece of sealing-wax, to serve as a handle; press the discs fbmiy 
together, and, whilst In this state, approach them to a gold-leaf electrometer 
(306), no (?iver^ence of the slips of irold will ensue: but suddenly separate 
the pieces of glas^, and bring one of them near the electrometer, and the in- 
stant separation of the gold leaves will denxHistrate the presence of free elec- 
tricity in the disesi one of which will be found positively, and the other nega- 
Uvtij oleotrifled. Sutpfanr poured, whilst melted, into a conieal glass, and 
Ihmfehed with an insulating handle, as a piece of glass or silk, will, when 
cold, indirnte no free electricity, tmtil the cone of sulphur be lifted from the 
glass, and then the former will iound negatively, and the latter positively 
electric. On tcariag asunder pieces of cloth, suddenly separating a pair of 
dry and warm silk stockings whieh have been rolled up together for some 
tline, or rapidljr nniblding a roll of flannel, we have abundant eyidenoe of the 
evolution of ftee electricity as shown by the action of these bodies on electro* 
meters, and even by their evolvinp: f!a«}ies of lif^^ht and sparks (312). 

311. Certain minerals, a^pecially tourmaline, and many of the family of 
zeolites, have their neutral and latent electricity decomposed and developed 
far heat, one ezuemity of the crystal becoming negative, and the other positive. 
When a prism of loamiaUne is grsatly healed at one extremity, its electridtjr 
becomes decomposed, the negative passing to one, and the positive lo 
other end of the crystal; signs of free eleetrieity gradually increasing as we 
advance from the middle, wliere they are al)sent, towards either extremity 
of the prism. The distribution of electricity being strikingly analogous to that 
of magnetism in a magnet, according to the hypothetical formula of Esciieu- 
maier (259), which, setting t with the positive oo^fliciettts for pontwe^ and 
with the negative ibr mgoHmt ftc, electricity; will stand as applied to the 
heated touimaline, thus, 



It may be stated that, in general, no idio-eiectric substance (300) can be pressed, 
brmsed, rubbed, or submitted to a change of tempemture, widioiit sufiering 
some decomposition of its neutral and latent electrid^; one or the otfier kind 
hemg developed in a free state in the body, In greater or less proportions, ao 
cording to circumstance^;. 

312. If the excitation of the glass tube (297) be performed in a darkened 
room, a pale lambent iianie will be observed on its surface, each time the 
tube is dmwn through the piece of silk, accompanied by an odor like that of 
jthosphoras; and on bringing the glass near any conductkig body, as die hand, 
a small but vivid spark will be observed to pass between them, attended wiUi 
a fiunt, but sharp, crackling noise. The evdutioD of this electno ijghl was 
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first ikt&Dtdy noticed by Otto de Guerioke, at the latter end ot the 17th cen- 
tury, whilst submitting n globe of sulphur to the friction of the hand; about the 
time, Boyle observed the light emitted by an excited diamond; an(' Pr. Wall, 
tliat given off from a piece of excited amber, on the approach of the fin lot 

This electric light cau be easily observed by drawing a piece of dry and 
warm bfown paper, about eighteen inches long and four broad, through a 
piece of warm flannel; on bringing the hand near the paper, as it is rapidly 
withdrawn from the folds of the flannel, bluish flashes of light, two and three 
inches in length, will be darted off in various directions, accompanied by ft 
loud crackling noise. 

313. Electricity thus excited in, or communicatetl to any substance, does not 
appear to penetrate into the interior of the mass to any extent, but to reside 
almost eacdusively upon its snrfaoe. Coulomb found that, on suspending, by 
mlkea threads, a oondueting body, in which various pits and depressions had 
been made, and communicating to it some electricity from an excited tube, the 
carrier-ball of his electric balance (307) bein^^ applied to the bottoms of these 
cav!tip«, gave no sign nf free electricity on being j)lace(l in the electrometer; 
altiiuagii, when broiiglit m contact with the surface of the conductor, it becjimo 
etrofigly eleclrifled j proving that electricity is almost entirely limited to the 
■nrfsces of insatated bodies. This circumstance is, as Dr. Faraday has shown, 
easily ezphdned by the induetire influence of the electricity present in summnd* 
ing objects, and even in the comparatively distant walls of the room. This 
mf>?r talented nnd excellent philos<jplier, among other experiments, ma<1e \\ \\\\ 
a view of olnaming some light on tliin matter, constructed a room of a li;4iit 
frame work covered with canvas. I his was carefully insulated, and Faraday 
entered iL On being connected with the conductor of a powerful electric 
machine, it appeared so highly electrified, that flashes of light darted off firom 
the outside of this insulated room towards the walls of the apartramt con- 
taining it, and yet no appeamnoe of free electricity could, during this time, 

be detected in its intt^rinr. 

314. As a nec t ^-ary consequence of this law, we tiud that, the qvAntity of 
electricity remaining the same, its effects on the elec- 
trometer become diminished, by increasing the sur- 
iace to which it is confined. 

A hollow tin cylinder A, about eight inches in length, 
is insulated by a glass support b: an inner tin cylin- 
der c, provided with a [rlrisn Iiandle, moves readily in 
the outer one: from the latter passes a curved wiren, 
to which a cork-ball electrometer is suspended. Now, 
touch ▲ wifli an excited glass tube, the electricity djf 
fusing itself over the apparatus, will cause the pith ^ 
balls to become electrified, and consequently repel ' 
each other. When these balls are about one third of 
nn inch apart, raise the inner cylinder c, by its trlass 
iKHtdie, as high as possible without entirely reuiuving 
a from A J the electricity will l>e expanded over twice 
its previous soperficjal extent, and a smaller quantity 
will be left in the pith balls, which will consequently 
approach each other. Then depress the inner cylinder c, the electricity will 
again be spread oyer a lesier surftoe, and the pith balls will separate as at 
first 

315. A simple and more effective mode of demonstralmg the same fact, is 
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Fig. 177. to insulate a small eup of tin or oAer metal, 

having a wire fixed to its exterior, carrying a pair 
of pith balls. A piece of thick brass chain having 
a silken string tied to one end is placed in the rup. 
On giving the latter a spark from an exciteti glass 
tube, the pith bails will diverge, tbeo raise the 
chain means of the silken ttrini^ so that ten «f 
twelve inoiies of it are out of the eap. The pith 
balls will immediately collapse; letum chaia 
and they will again diverge and so on. 

316. L^'t CAD be a conducting bofly, as a cylin- 
der of tiniMHl iron, placed on an inoculating sup- 
port^ a cork ball electrometer f, bcmg bus])ended 
fiom one end of the cylinder. Now approiuk waf 
posttivelj electrified body, b, as an excited tube, about six inches from e, the 
pith balls V will instantly separate, indicating the presence of free electricitf. 




Fig. 178. 



0c 



2 



This cnuM not arise from any electric fluid having passed from B to e, as on 
removing b to a considerable distance, the balls f will fall together, and ap- 
pear imelectrified ; on agrnn approaching; k to c, the tells will again diverge, 
and s() on. Tliis very curious phenonietion arises from the pot^itive electri- 
city ill K, drnxtiposing the neutral and latent combination (303) in caw, a^ 
trading the negative towards c, and repelling the positive electricity towards 
9\ and the balls consequently diverge^ being positively electrified. On re- 
moving B, the force which separated the two electricities in cab, is remove<l, 
and the separated elements reunite, neutrality is restored, and the pith balls 
fall together. Tlie action exercised by f, is called indnrtion, from the elec- 
tricity it coiiiam^, tndiuing a ch;u!L;L' in the electric state of nc. It ronve- 
nieni also to follow Dr. Faraday in calling the tube J^ whence the iiuliiciiou 
is exerted) the mdbefwe^ and the cylinder cad, whose elecuic eiiuilibrium is 
thus dittnanged, the uiAtdrie body. 

316*. If the cylinder gas, be carefully examined whilst within the induc- 
tive influence of the positively electrified ball, x; the end c, will bQ found 10 
be negntivrly eleefrie. nnd the end n, positively, whilst an intermedinte rone, 
A, will be iuunil to bt^ neutral and nnelec. trifled. So that the distribuiion of 
electricity on the surface of the cylinder may be compared to that in an ex* 
cited tourmaline (311). , Whilst thingis are in this state, and the pith balls 
standing apart from each other, touch the cylinder so, with the finger, or any 
other conducting body connected with the earth; the ptdi balls will coHapse, 
frr in lite positive electricity running off by the finger to the earth. The ne» 
native electricity cannot escape in the same manner. be<-au«£e it i?« firmly he\A 
in the end c, of the cylinder, by the attractive inflm'ure of the opposite elec- 
tricity of the ball, c Now remove the finger, leaving the cotuiuctor insulated, 
and separate to a coos|deral4e distanoe from the negative elecuicity in 
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"vx hirb, !>eing relon?ed from the influence of k, expands itself over, uc, and 
liie [X)^'itivp electricity whi«h had been previously combined with it having 
beeu removed by previously touching it with the hand, and the baUs f in* 
stantly separate with negativt electricity. If this experiment be repeated 
with an txdud piece of sealing-wax, amber, or sulphur, instead of the gtais 
tabe,x, the same phenomena will occur, with this difference, that the induced 
electricity will always be of the opposite kind, as would, of oouzse, be as* 
pected ^ pnoH. 

317. Tfie application of this inductive influence, furnishos us with iho 
readiest luude of a^icerlaining the kind of electricity present m any excited 
substance. For this purpose, excite a glass tube by linction,and hold il about 
a foot distant fkom the cap of the gold-leaf electrometer (306); the leaves 
will diverge with positive electricity, the negative being retained iq the cap 
of tlie in^Trument. - Touch the latter with the finj^rer, the leaves collapse, and 
the positive electricity escapes to the earth; the negaiwe bein^ retained in ilie 
cap by the attraction of the positively electrified tube. Now, remove first 
the fijigcr, theQ tlie tube, and the gold leaves will diverge with negative elec- 
tricity. Excite, 1^ friction or otherwise, the substances whose elMtrio slate 
is to be examined, and hold it near, but not in contact with, the bap of the 
electrometer; if the substance be positively electrified, it will attract the 
negative el»H'tricity from the gold leaves into the capof the in^itnimpnt, cau'^in^ 
them to coliapsc; whilst, if it be negative, it will, by rept Hhil; the electricity 
of the same kind already in the electrometer, increase tiie previously divei^^ent 
State of the gold leaves. By this process, k becomes exoeedlngly easy to 
discover what species of IVee electricity is present in any excited substance. . 

318. In these experiments (315— 16), the induction takes place throu^ 
the column of air separating the excited tube from t)ie conductor (315), or 
electrometer (317). A similar action is capable of takinf!- place when other 
non-conductors are interposed; these substances, in consequence of their per- 
milling induction to take place through them, have been termed dieledrict. 
Dielectrics differ considerably in the degree of Ausility with which they per* 
mit induction to take place through them, indicating the existence of a specifio 
inductive capacity. Thus, sulphur, lac, and glass, have much higher induc- 
tive capacities tlinn nir * T!if» rf)lIowiiig table contains the results of Sir 
Snow Harris's expermients ou the comparative inductive powers of seyeial 
dielectrics. 

Spec, inductive capacity. 



Air 1-00 

Rosin 1-77 

Pitch .--.^ 1-80 

W,x 1-86 

GJa-i 1-90 

iruiphur - ------ - 1*93 

Shell lac 1-95 



??10. Induction has been demnnstrated by Faraday, to be essentially a phy- 
eicai action, occurring belween contiguous parLicieSj never lakin^ place cU a ditlame^ 
wUknd poimriaiMg thtmokeuieto/ iheniivvemMg dukdrie; €mumg tkm tQOmmu 
a peeuHar miuirmmd ponMrni, whkk they retain to hng at thejf an under the eo* 

erring iufluenet of the inductive body. Tlius, in the experiment already de« 

T iii'^d (316), n «pnr»e of inches existed between the inductive excited tube 
and the iiuluctric cylinder, whose electricity was affected by its action. 
We are not to assume from tiiis, that the disturbance of the natural electric 

• On Ibis subject the admirable paper« of Dr. Faraday, la tbt PlulOM^hiciJ TnawM- 
tioealiwliaebtlMHildbecoiiMaiediMpeeiaUy I m(^7a. 
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Fig. 179. 




state of the conductor aioae from an action at a distance ; for most Ffitisfactmy 
evidence has been adduced by Dr. Faraday that the intervening dielectric, 
air, has its particles of electricity arranged in a manner analogous to those of 
the conductor dc, by the inductive influence of the glass tube. The llieory oi 
induction depending upon an action between oontiguous molecoles is np* 
Xx>rted by the fact, which would be otherwise totatlj inexplicable, that a 
'slender rod of glass or resin, when excited by friction and placed in contact 
with an insulated sphere of metal, is capable of decomposing the electricity of 
the latter by induction, most completfly. even at the point of the ball equidis- 
tant from tlje rod, and consequently, incapable of being 
connected with it by a right line. Dr. Faraday exciisd 
negatively a cylinder of 'shelNac an indi in diaineMv 
by rubbing it with a pieceof warm flannel ; and pisoed 
on its top which was cut concave for the purpose, a 
large brass ball a. It is obvious that the electric equi- 
librium of this ball must become dietur"l>ed by the in- 
ductive influence of the excited lac, its lower half be- 
coming positive and upper half negative. If, then, ▲ be 
touched with the finger, the negative electrieitjr is 
charged, an<l it remains positive, like the cover of an 
electrophorus (332). If then the carrier-ball (307) of 
Coulomb's torsion balance electrometer }ye plnced in 
any of the various positions shown by the fiy;uro i < ;r 
cies in the marginal wood-cut, and then returned to tiie 
balance, the ibroe of torsion required to restore the ha^ 
sontal beam of the instrument to Its proper pontion, will 
give aoenrate inlbrmation of the inductive force exerted by the lac-cylinder. 
Wherever the carrier-ball is placed, lx)th it and a must be first uninsulated 
'and then insulated, before removing it to the electrometer. The figures in 
the cut show the comparative amount of inductive influence exerted by the 
cylinder in duferent positions. Tijus, at the top of the ball, A, the carrier-hail 
received a charge of positive electricity of 130^ by induetion ftom the cjlindsi; 
So that we must either consider that induction is exerted in onrved lines, cr 
' propagated through the intervention of contiguous particles. Now, as no m- 
diant simple force can act in curved lines, excepting under the coercing intlu- 
ence of a second force (03), we are almost compelled to adopt the view of 
• induction acting throu<;h the medium of contiynous purticles. 

320. This inductive action api>ear:s lo come into play in every electric pbe* 
nomenon ; thus, in the simple experiment Of attracting light bodies bgr an ex- 
cited tube, (297,) the positive electricity in the tube decomposes by mdwcrion 
the electricity of the pieces of paper, repelling their positive fluid ; and being 
thus left in a neftntive ptate, they become attracted by the tube, in obedience 
to the law of mnuial ntrrJicuon between different electritie<l Ixxlies. Th«' fal- 
lowing experiment illustrates in an interesting manner the developim iit <>f 
electricity by induction. Support a pane of dry and warm window glass 

about an inch from the table, by means of two 
books or blocks of wood ; and place beneath it 
several pieces of paper or pith-balls. Excite 
the upper surface by friction with a silk hand- 
kerchief, the electricity of the glass becomes 
decoaipojio<l, ilij nejyalive fluid adhering to liie 
silk, and its positivo to the upper surface of the 
glass plate ; this by induction acts up the tower 
surface of the glass, rep^ling its posiiifc ei^ 
trieity and attnustmg its neBMive^ the inlerrea* 



Fig. m 
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ing dielectric b<»onming polarized in the manripr nlrpady explained. The 
lower surface of the i^lass, thus bt'conitn^^ i Ic ctnliud by induction through its 
substance, attracts and repels alternately tiie light bodies placed beneath it in 
a sitnUar imnner as tlw axeited tube (997). 

321. AU oasea of aleenrieal vapolskm are also lealljr referabla to attractioii 
under inductive influence. Thus it has/beeo Staled, that two pith-balls simi* 
larly electrified repel each other. Thia repulsion, however, is really the effect 
of the attraction of snrroiin(Hnp bodies whose electric equilibrium is disturbed 
by the inductive uilluence of the pith-balls. 

]f an elecuGscope be constructed with two large piecci^ at gilded paper 
iaiiaad of gold-leaf, and be then electrified positively, tbey will present mntnal 
lepubbn* But if the canier-baU of the baJanee electrometer (309) be placed 
in contact with the opposed repelling surfaces of the gilded paper, it will not, 
when removed, possess any trace of free electricity, whilst from the other 
surfaces a powerful positive charge can be obtained. The slips of paper 
repel each other, in appearance only, being really attracted by the sides of the 
case oontaiiiing them, or even by very distant objects, as the walls of the room 
whoso eleotrie eqitiUbiittra becomes disturbed by the induotiTO influence of 
the Iree surfaces of the slipsof paper. A similar explanation applies to awry 
OBsa of electric repulsion. 

322. Indtiction takep place through a thin plate of a perfect conductor, as 
readily as through a uon-oonducting dielectric. A thin piece of gold-leaf may, 
by the inductive power of an excited electric, become intensely positive on one 
side, and as powefihUy negative on the other, as long as it is within the in*' 
flaanoa of the indnctive body. 

hnio a circular tmy of tinned iron, a, about eight or ten inches in diomeier 
and one inch deep, pour melted sealing-wax, or a mixture of two parts of 
sholl-lac and one of Venice turpentine, until it is rather more than half filled, 
and let it cool f^radimlly. A circular plate of stunt liiined iron, or brass, about 
two inches le&a in diumeter than a, is iurnkhed with u glass handle, B, fixed 
imo iu oentra. Remove the metallic plate fiom the cake of resin or sealing- 
wax A, and excite the latter by friction, with a warm and diy pieoeof flannel ; 
dwn place on it the plate c : under these drcumstances the negatively electrified 
cake of resin induces a change in the nattual electric state of c, attracting 
positive fluid into the lower surface, and repelling its negative into the upper. 
If then c be liiled off by its glass handle, its separated electric will reunite, 
and it will be found destitute of free electricity. Replace c on a, touch the 
limner with the finger, and its negative electricity, set fiee by the inductive in- 
flnenoe of if will essape to the earth; let c be raised, b]^e handle B,and 
it will be firand to contain positive electricity in a free state, which, on the ap« 
prriarh of any conductor, appears in tlie form of a vivir! spark, the plate re- 
suming its naturally uneiectrihed state. Again, place c on a, touch it with the 

finger, negative electricity escapes u> the earth ; lift 
Fig. 181. ofi" c, approach any conditctor towards it, and another 

spark of positive electricity oooors. This process 
may be repeated an almost indefinite number of ' 
times, the cake a losing none of its electricity by 
the opernfion, as it arts solely by its inductive influ- 
ence on llie eoml lined dertricitics actually present 
in the metallic plate n. Indeed, after being once 
excited, a spark may be obtained from this instru- 
ment, during many weeks, without any ftesh exci« 
tation, and on this account it has been used as an 
electrifying machine, fin<l was by its inventor, the 
ootebrated Volts, termed elttiroforo perpelw. This electrophoius is a most 
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'vtluftbto iiwlrOment, not only fiotn its ■flbrding a beaotifal ilhistiitiaa of ia- 

diu ti\ e action, but fiom its yielding a burge supply of electricity. 

323. A very nfeful modification of the electropborus (322), is made by- 
coating a thin pane of glass on one side with tin-foil to within alxnit two inchea 
of the edge. Placing it with the coated side on the table, excite the other sur- 
&ce by friction with a piece of silk oorered with amalgam (275), then care- | 
fully lifling the glass by one corner, place it on^a bediyHnndooting mutbee^ m 

a smooth table or the oover of abook, with the uncoat&i tkk dbmnearA. Toncb 
dietinofoil with the finger, then carefully elevate the plate by one comer, and 
PL vivid ppark will fly from the coating to any conducting body near it; replace 
the plate, touch it, again elevate it, and a second ?p?irk will be produced. An 
electric jar may be charged, in a few minutes, with an apparatus, of this kiud 
only four inches squaie. Tbls modification of the eleenophonis is a most 
convenient instrnment in tbe teboiatoiy wheie eleotricliy is leqniTod Ibr eadio* I 
'metrio purposesi and wbete the intraduclioa of an elecnno madiine is Jneoa* ' 
venieot 

324. If a given qi^antity of free ricctricity be communicated to n ^^nih -n 
exposing sixteen square inches, and a ^imilnr quantity be communicated to 
another oi but four square inches of surface, it is obvious that each square inch 

of the former will contain but one-lburtb of that present in every squaie inoh ^ 
of tbe bitter; bence^ allboogb tbe total quantities of ftee eleetrieitjr are similtf i 
in each, yet as, in the former, they are spread over Ibor times the surface AM | 
they are in the latter, they will be found as miieh le^s energetic in protlncin^ j 
the phenomena of attraction, and repulsion, indue lion or lii^'ht. The elf^trj- 
city present in the smaller surface, is consequently said to be in a stale of 
greater temimt than iu the larger. 

325. A rounded soiftoe, as a brass bnob^ on being bold near to^ or ooroma- 
i^cated witb an electrified body, allows induction to take place wi^ mndi less 
facility than a pomted wire similarly situated, on account of tbe indiKTti ve action 
being confined to, or exerted from, n smaller surface, enusing therebja prealer 
electric tension on the surlace of the point, than of the knob; for tins reason, 
whilst a rounded surface may be approached within an inch of an excited | 
tube (297), without abstracting much of its free electricinr, the point of a sharp 

' needle, held at ibur times that distance, will almost bmnediBtely elect the 
nentraliaation d ftke free electricity present in the tube. For this reason, all 
pieces of apparatus destined to attain free electricity, are terminated by knobs 
or rounded surface?; and those intended rapidly to abstract or neutralize thi^ 
electric matter, are furnished with points. On this circumstance is explained 
the fact, that an electrified sphere has its electricity equally diffused over its 
snrAoe, whilst, in the case of an ellipse, the general quantity is found at tbe 
termioatkm of its long diameter, and of a cube at tbe apices of its aaglea 

326. Having considered some of tbe principal and simplest pbeooitieoa of 
electricity in a general sense, it becomes necessary to be acquainted with tbe 
nature of the exact laws governinj? them; for a knowledge of tlie«e, wr« are 
almost entirely imlebted to the researches of M. Coulomb, who br' uulii in !>t ar, 
on this subject, the most accurate experiments with the most refined and valu* 
able xesourosa of matbematical investigation. 
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(A.) Two bodies, similarly electrified, repel each Other (299}, with a force 
Tarying inversely as the squares of their distances. 

(B.) Two bodiesi differently electrified, attract each other (298) with a force 
inTeraely as the squares of dieir distanoes* 

(C.) Electricity, in iti natural and compound state, appears to |ie di0iiied 
equally throughout any given mass of matter, but when decomposed and 
separated into its component elements, each appears confined to the surface 
of the substance in which it has been set (ree, in the form of an exceedingly 
tliiii layer, not penetraung sensibly into tiie substance of the mass (313, 321). 

(D.) Bmea, ouMlXy insulated on resinous snpportsb lose, by eaEposure to 
the air, a oertain proportion of thdr fiee eleotridtyf depimding to a great ex- 
tent Qpon the moisture present in the atnKM|AeKe; the loss, per minute, ap- 
pearing to bear a ratio to the oubic of the weigibt of hygrometrio moifltore in 
the air. 

(E.) Bodies electrified and insulated imperfectly, as on silk, or glass un- 
covered with resin, lose a portion of their electriciQr, by its escaping along the 
iinperiectly insulating support, providing the eleotrioity is of oonsideiable ten^ 
sfam, Ihr if weak, it is completely insulated $ henoe tiie loss of eleetrieiqr is at 
first lapid, bat quiokly deoieases. 



CHAPTER Xn. 
ixicTBiciTi* comsoTOicis or ivmrcnov. 

Ekdric Machines^ 327. Otone^ 331. Use of amalgam^ 333. Electric <^park\ or 
Ih$cJuirge m ilw atr and in vacuo, 334. ILUcLricily of gteam^ 330. Ilydio dedric 
maMm^Z9d. Za$W$ Dut^rger, Beat txeittd bif dueharge, SU. 
tnuOm andrepuUUnif 345. Omwntt of mr in dUdiargei from pomttf 346. 
Mechanical effects of discharge, 347. Lummmt ^Hidurgf m ijjfirmd insrii^ 

327. With the exception of the electrophorus (322), we have as yet not 
bad recourse to any instrument furnishing large quantities of fret^ electricity. 
The first maoliine constmcted for this purpose was oontriYed tqrOtto de Gue- 
' tidw, of Magdeburg; it consisted of a globe of sulphur, turned by a wineb, 
and submitted to the friction of the hand. Improvements were very gradu* 
ally introduced into its construction. First, a globe or cylinder of glass was 
substituted for the sulphur, and thotj the silk rubb r was used, in lieu of the 
hand ; the last great addition consisted in the adaptation of a metalUc con- 
ductor, so as to expose a large snrftoe to the inductire infloenoe of the ezdied 
glass. The revolving glass electrio was used by Hawksbee in 1709, the rub- 
ber and conductor being introduced in 1741 ; Boze,of Wirtemberg, contriTiog 
the hitter, and Winkler the Ibrmer; thus lendeiing the eiectrie machine nearly 
complete. 
16 
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328.. Two ibnns of Ihe.elactrkal maohine aie Qsed in this ooontry, Sttsh 
ing ftom each och«r in the diape of the revolviiig electric, which in one is a 

cylinder, and in the other a plate; each varying in diameter firom eight or ten 
inches to two Ibet, beyond which size it is inconvenient lo use eiUier. Tho 



best form of cylindric electric madiine. consists of a cylinder of glass, rsTolT* 
ing by means of a winch, between two upright pieces of stout and welUlried 
wood, AA ; this is submitted to the friction of a rubber, formed of an oblong 
piece of wood, f, about three or four inches shorter than the cylinder, covered 
with leather, and furnished with a flap of silk, s, extending over neaiiy half 
tiie eircnmference of the glass. The mbbw can be placed at any disiaaee 
fiom the cylinder, supported by a strong i^ass pillar, and connected with s 
sliding foot of wood, fixed by metuis of a screw. On the opposite side to the 
rubber, is a cylinder, t, of hollow tinned iron, or, what is more convenient in 
practice, of wood covered with tin foil, and about three or four inches in dia- 
meter; this is termed the prime conductor; it is, like the rubber, insulated on 
,B, glass leg. The side of the conductor next to the glass cylinder is fumisbed 
with a low of pointed pieces of wire, to allow of its mare rapidly acqoiring 
ma eleotrio state ftom the revolving iiMlnotive glass. Thispisoeof appaiatof 
has a number of holes, of various diameters, bored in it, to permit the in8e^ 
tion of wires of various sizes; the edges of these holes, as well as every other 
part of tlie conductor, except the points already mentioned, must be carefully 
freed from all sharp edges or prominences, which cause a rapid neutnUizatioa 



Of electricity (925). 

329. The i^sie nuwiiine consists of a cirenlor plate of thick glass, refolfi a g 
▼erticnny, by means of a winch, between two npn^ts aa} two p«ir of isb> 
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bers, formed of slips of elastic wood covered with leather, and furnished with 
silk flap?, are placed at two equidistant portions, bb, of the plate: their pres- 
sure ujxiii the latter may b«; inrrpasot! or flimiriishetl by means of brass screws. 
The prime conductor coiiaiisLs ui a curved arm of hollow brass, supported 
boriakntally fiom one of the uprights ▲ ; its utmn, where they approadi the 
plane at ec, are fnrolihed with pointSi Sot the tame zeaion as in Ifae ^Undria 
inacbine. 

Great advantage is gained by causing a row of memllic; points, connected 
with the prime conductor, to be presented to lx)Th surfaces of tlie revolving 
plate, instead of to one only, as in the usual construction of these macinaes. 

It is Tery difficult to give an opinioa of the comparative merits of these 
two machines^lbr an equal surftoe of glan, however, the phtte api)ean to 
be the most powerful; but it has one great inoonvenienoe^ Tiz^ the difficulty 
of obtaining negative electricity from it, in oonflequenee of the nninmikned 
state of its rubl>ers. 

330. When an electrical machine is required for use, it slirmlil he jilaced 
within the intluence of a good fire, so that its several parts may become dry 
and warm. The rubber and ooodudor are to be removedt and the plate of 
qrllnder rubbed with a piece of flannel, dipped in oil, until it beoomes quite 
clean and bright; the layer of oil tlms led, being removed with a linen cjoth. 
The rubber" are then to be made quite dry, nnd their silk flaps wiped rlenn ; 
a little amalgain^maile into a soft paste with lard, to be spread over the sur- 
face of the cuf^hions of the rubbers, unless there happens to be plenty left on 
from a previous experiment, in which case the surface is to be cleaned by 
rubbing at with a piece of long^ brown paper, or by scraping it with a linifb. 
The rubber, or rubbers, are to be then applied, and by means of the adjtiiting 
screws, made to press with moderate force against the surface of the cylinder 
or plate. On then turning the winch, and holding the ban?! towards the re- 
volving glass near the lower surface of the silk flap, the electric discharges 
will be felt between the hand and glass, like a brisk wind, attended by a 
eiackling sound, and in the dark, by a lambent blue flame. The prime odii* 
ductor is next placed in flueh a manner that its pointi sfand about one^htfa 
of an inch ftom the glass : on holding the hand towards it, whilst the windt 
is being turned, vivid sparks, often some inches in length, appear; these are 
atten<le<l hy a loud snapping noise, and on striking the hand, produce a pun- 
gent pricliiug sensation, frequently causing a papular eruption on the skin. 

331. During the excitation of electricity by the machine, and indeed in oilier 
caaee in which luminooa discharge (312) takes place, a pecuSar odor like 
that of phosphorus is evolved. This odor has been traced by Professor 
Schonbein, of Bdle, to the formation of a substance termed by him OSOIM^ and 
which he is inclined to regard as a tritoxide of hydrogen ('tr^T)). 

332. The development of free ele tn -ii} upon the pntne conductor is so 
intimately connected with the theory of induction already developed (315), 
that the remarks there made will be sufficient to remove all obscurity as to 
the mode in which it is effected. On turning the glass plate or cylinder, the 
electricity naturally present in tlie rubber becomes decomposed, its positive 
adhering to the surfiioe of the glass, and its negative to the' rubber. The 
pwitively electric portions of the glass coming, during each revolution, oppo- 
site to the points on the conductor, act powerfully by induction upon the 
electricity naturally present in the latter, decomposing it into the component 
elements, attracting the negative, which being accumulated in a slate of tension 
(384), at the points of the conductor, dart off' towards the cylinder, to n^eet 
ttie positive fluid, and thus reconstitute the neutral compound. The prime 
conductor is tlius left powerfully positive, tiot by acquiring ckdrinty from the 
ftmbing gloBtf but bjf hasmg gwtn iU oum ntgatiK Jkad to tkt laUtr, The 
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, rubber is left in a proportionately negative state, and consequently, after re- 
'VOlviDg the gbuw Sat a few minotes, can develop no more ftee pontiTe eleiv 
Iricity, pioyiding the rubber be (as in the cytindric machine) insulated ; on 
Uiift aooount, it is necessary to make a communication with the earth, for the 

purpose of obtaining a sufficient supply of posirive eler'tricity to neutralize its 
negative state. In vory dry weather, indeed, the electric machine will fre- 
quently not act, until the rubber is connected by a good conductor, not merely 
to the table on which the machine stands, but to the moist earth, or, what in 
large towns is more oooYenient and prefemhlei with the leaden pipes supply* 
ing the house with water, 

333, Much discrepancy of opinion lias existed concerning the modus agentii 
of the amalgam applied to the rubber; it certainly acts vrry powerf illy in 
increasing the excitation of electricity. The best combinatu)ij lor this purjiosc 
consists of two parts of ziue and one of tin, melted together, and added to &\x 
parts of mercury, previoasly heated in a crucible: the mixture being stiired 
imtil cdld| jB readily reduced to a fine powder, which requires merely to be 
Ibrmed into a paste with lard, to be ready fi>r use. It has beeii, with good 
reason, suppo-^ecl that the oxydation of the Jimalgam, by the friction employef?, 
aids at least iVic. increased excitation j for amalgams of gold, and other ililii- 
cultly oxydizubie metals, do not appear to increase the development of elec- 
tricity. In accordance with this view, Dr. Wollastoa found that an electric 
m ac h i n e, when worked in an atmosphere of carbonic acid,^Te no signs of 
free eleetridty. 

The accuracy of this statement has, however, Ixsen questioned by later ob- 
servers. One mode in which the amalgam acts is certainly by affording a 
soft cushion of good conducting matter, which thus affords an excellent surlace 
for inducing tiie decomposition oi the neutral electricity on the revolving glass. 

Instead of an amalgam, the dentosnlphuiet of tin, or aunim tnusivum, as it ' 
is oAen called, may be nibbed upon the cushions of the machine^ and with 
similar results. This latter sub:>tance acts probably like the amalgam, bf 
undergoing oxydation, as by friction it absorbs oxygen, and is partially con- ' 
verted into bisulphate of tin. In a similar manner also iron pyrites, by fric* ' 
tion, is partly converted into sulphate of iron. The chemical inlliienee of 
friction, indeed, is more energetic than is usually supposed- even siiiceoui 
minerals, as mesotype, basalt, and feldspar, become^ according to Becquerel, 
partly deoompoeed, giving up, when kmg triturated In a naortar, a portion of ' 
their alkali in a free state. 

334. When the plate or cylinder of the machine is turned, the rubber com- 
municatiti^' to the earth by a metallic chain, if a brass knot) or a knuckle be h<»M 
towards the prime conductor, a vivid ejiark darts between them. This spark 
is usually spoken of as a positive spark, as though it consisted of positive 
electrici^ passing ftom the conductor towards the knob, or knuckle. This, 
however, is an erroneous expressbn ; for as the prime conductor is positiTety 
electrified, it induces (315) an oppositely or negatively electric state in any 
condnctin<2; ?*nb«tance lieM near it; and when thi:? state has amotmted to one 
of suiiieieiit tension, the negative elecnn ity combines with the positive of the 
prime conductor j thus restores it to its natural unelectrificial state. The neu- 
tralizatkw, or diiekarge of the electric state of the conductor, is attended by t 
sharp snapping sound, and a flash of light, constituting the 9be:rie tpark; ood> 
sequently, whenever an electric spark is seen, it is not to be regarded ss 
arising from the mere passage of free electricity, but of the union of the two 
electric fiuidj^, and con«ef]uct!t distcharge of the electrified body. The sparks 
of jK)«/tt>e eleeiricjty said to j a'^s from the excited tulje (31'2), or cover of the 
alectiopborus (322), are of tlie same kind, i^'rom Uiese iacts aLio^ we addiu^e 
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the neces^ry confiequenee that all cases of elaotrie diaohaige moat be pi^ 

ceded by induction. 

When the prime conductor is connected witli the earth, and the rubber of 
the machine insulated, sparks are seen on approaching the hand, or other con- 
daotor, tdwattlB it ; these are termed sparks of negative electricity, but as er- 
tooeously as in ifae case of sparks ftom the prime condncior ; as thejr aifsa 
from the discharge of free electricity in the rubber, by its union with the in- 
duced positive electricity in thf* nonrej?t condnctincr body. 

335. Some few years ago, a workman on the Newcajstle find Cnrli^le rail- 
way observed an electric spark to issue from the boiler of a steam engine on 
the approach of bis band. This curious phenomenon induced Mr. Armstrong 
to investigate the subject, and his researches, with the later ones of Dr. Fanp> 
day, have pot in oar hands a mode of emting electricity ID an almost indelt* 
nite extent. It appears that whenever a current of steam escapes ftom a 
boiler with sufficient violence to carry off mechanically particTe>! of ^rater, it 
will in its course through a proper escape-pipe excite by the friction of the 
water against the sides of the pipe an enormous quantity of elecfnVity. Upon 
dlis principle is fimnded the construction of the hydro-eieciric machine of 
Ur, Armstrong. 

Fig. 184. 




This consists of a spherical boiler of wroughr ircn, at least eighteen or 
twenty inches in diameter, of sufficient strength to bear a pressure of atety or 
seventy poands on the inch. This boiler, a, restson a small furnace of sheet* 
iron, B, and furnished with a bent chimney, c. The whole is carefully sup- 
[)orted on four stout legs of glass. The boiler is provided with a proper 
safety-valve, n* From its upper part, a tube an inch or more in diameter 
rises, furnished with a stop-cKick at i. To the end of this tube is fixed a 
spherical vessel of brass, p, abont siz inches in diameter. From the upper 
vnn of tliis a tube furnished with a stop-oock and a peculiar Jet is fastened. 
Tl)e constRK'tion of the latter is shown at Fij?. 2, in wliirh the whole is seen 
in section, v ix'ing the spherical vessel, o the stoj) cock furnished with a stout 
brass cap, h, into which is iirmiy screwed tlie jet, Fig. 3. This represeuu 
the section of a tankal plug of box-wood, terminated by a brass moath-pleoe. 
The shaded parts vepFesentad the metallic portion. 

Having fllled the boiler about half full of water, and placed burning char- 
coal in the furnace, in a short time the water will boil, and after the air has 

been ^st expeUefl» the ^top-cock x should be oioeed, ^d |)ie globe f |u 

.... * * • ' lof 
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escape pipe screwed on. When the quantity of steam generated is equal to 
a presbure^of fifty or sixty pounds to the inch, open the 8top-iXx:ks x aod 
some of tho effluent steam will be oondeneed in r, and the panjelee of water 
Violentljr driven forward with the vapor through the wooden moudi piece of 
the jet The boiler will be found powerfully negative, and on approaching a 
brass ball to it, lonf^ nnd vivid pparks -will dart off. The steam l^vinsr the es- 
cape>pipe, will be positively • lec triiied, and it is necessary to obtain an eilicient 
discharge of its electricity, tur which purpose a coil of tliick copper wire con- 
nected wid) the earth may be eo pteoed, a few indiee fiom the eecajie-pipe, 
that the eurrent of steam may traverse it 

' 337. With such an hydro-eleelrie machine, so large a qnanlilf of electricity 

maybe obtained as to enable it to replace with advantage the ordinary electric 
machines. The only objpcnon to its general adoption i^, thnt unless the boiler 
Ije sulKciently large, ilie steam quickly assumes too high a state of tendon, 
ami an explosion may not be impossible. Suck an accident did occur at Guy a 
Hospital, even wltfi aJl the oaie employed by Dr. Gull, my talaniad enecessof 
in the chair of Natural Philosophy at that institution. 
' 338. It is remarkable, that so long as the globe w contains merely a littls 
pure water conrlensed from the stenm, the excitation nf electricity is abundant: 
but if a little suljliurjc nrid or common salt is placed in, all f>eneration oi 
electricity ceases, appareiitiy in consequence of tlie water being rendered tou 
good a conductor, and thus allowing of the restoration of electric equilibriuiu 
as soon as it is disturbed by friction. If a little oil be dropped in, the exdai* 
tion of eleetrieitf continoesi but is changed in ohataoter, the boitor positive^ and 
the steam negative. 

Tliere can j^earcely be a question of the accuracy of the opinion of Dr. Fara- 
day,* that friction is really the exciting cause of electricity in this mnehine: 
for if the steam be allowed to escape even in torrents, and under high j ressure 
from the opening of the safety-valve, no electric excitation occurs. Hence the 
neoessitj of so arranging the opening of the escape-pipe, as to oppose some 
opposition to the passage of the steam. 

339. If a pointed wire be held towards the insulated rubber of an electric 
machine in action, it will by induction become hi;,'hlv p<^i' 
tive; tlie t lecinc tension at the point soon becomes so lii;^!^ 
as to XJroduce discharge through tlie dielectric air, in tiie 
Ibrm of a brush or pencil of rays, as at When, on die 
other hand, a similar point be held towards the posiiiT* 
prime conductor, it acquires a high state of negative tension, 
and luminous discharge occurs, not in the form of a brush 
or pencil; but the end of the wire becomes illutninated with 
a minute but brilliant star of lijjjht. By using similar wire?, 
we can in every instance discover the electric state ol" a 
oonductor by the characler of the loininoos discharge aoea^ 
ting at the points of a wire held towaids it 

340. If the oonductor, or rtibber of the electric maduas, 
be connected with ench otlier, or with the earth, by mcani 
of a continuous conductor, as a piece of wire, the electric 
discharge will take place along it irlv j^ilJly, mdess the ma- 
ebine be aztnmely energetic, in which case the wire wid appear surrounded 
with a lambent flame. But if the conductor be interrupted, th«n vivid spsifct 
will wppe&T at each rupture of continuity, arising fiom inductive aotkm sad 
consequent discharge taking place at every one of these spots. 

Ext. (A«) Cooneot the prime oonduotor and rubber with each oiher, ^ 

e PblL Ttaas^ 1013, p. 17. 



Fig. 185. 
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Fig. 186. 



means of a brass chain j oo working the machine, vivid sparks will appear at 
every link. 

£zr. (B.) On a piste of glass, pasta soma 
ttfips of fi>il, haviag partioni eat out, so that 
the spaces represent letters. On communicat- 
ing tlie first piece of foil with the conductor, 
and the last with the ground, the letters will 
appear in characters of fire, in consequence 
oflomiiMiiia diadiaigat in dia fttm of a spark 
ocoorring at aaoh diviskm of tha foSL 

£zp. (C.) Draw, on a pane of glass, a ear* 
pentine line with varnish, and place on it, 
l>cfore it dries, metallic spangles, ahout one- 
tenth of an inch apart; on connecting the tirst 
of tile series with tlie machine, and the last 
with die gnmnd, a serpentina line of Bra will be representad. 

Ext. (D.) If, in a amilax maanar, tha spangles are placad on a glass tuba 
ia a qpiial diraotion, a fine spiral lina of sparks will be piodiioed. 

Fig. 187. 




341. Induction, and consequent dlsofaaige, take place through a greater 
in an air-pump vacDom than under ordinaif atmospherio piossuias, a 
eireamttBiice aiising from tha< tasisting dielectric medium being diminiriiad 
in density. This led to the error of considering a vaeaum as a conductor of 

electricity, which is not the case, jjoiarization of the particles of rarefied air, 
and consequent discharge being affected through it readily, only if the two 
surfaces be sufficiently near to permit induction to take place; otherwise, 
electrified hodies can be as wdl insulated in an air-pump Taouam ai ia 
common air. 

£sr. (A.) A glass tube, two feet in lengdi a, is fiimished at either end 
with a brass ball projecting into its interior, and carefully exhausted of its 
air, by means of a i^ood air-pump. On connectinf? its u[)per end b, with the 
prime conductor of a machine in actiotj, and its lower end c with the eartli; 
s becomes positive, and induces a contrary state on the ball at c, induction 
tiking place with ftdlity in consequence of tha atmospheric prassura being 
removed, and is followed by a disefaaigaof this 'two electri- 
cities in the form of a beautiful Uue light, filling the whole 
tul)e, and closely resembling the aurora borealis. This lu- 
minous discharge imdergoes some very interesting changes 
when the state of rarefaction of the air included in the tube 
is filled with a purplish lambent fiame. If a little air be 
then admitted, the oontinnoos column of light is replaced fay 
distinct flames repeated several times in a second, and darting 
flom one bail to tlie other. And if more air be allowed to 
enter, the discharge takes place in beautiful zig-zag lines of 
brilliant lic^ht, like flashes of lighming, occurring however at 
considerable intervals. 

34S. In all thasQ eipaiiments (340), it is better to allow tha 
aledridty, before passing diiough tha tinlbil, chain, or lumin* 
Otts conductor (341), to aoqinre some degree of tension; this is 
conveniently effected by means of an instrument called Lane's 
ikdrometer, or more properly, ditchargtr. This appanttus 
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oonaisU of a coryed ann of varnished glass r, fixed by a bras? Irg into the 

prime conductor a, and terminaiiiig in a ball c, 
Fig 189. througli which passes a rod furnished with two 

brass knobs, capable of bdng placed at any dit- 
ADce ftom the oondactor. If any of die above* 
described pieces of apparatus be connected widi 
the ball d, electric dischftrjfe'' M'ill take plact? 
O through them, as soon as the electricity has ac- 
- ^ * quired a sufficient state of tension to effect a dia- 

cbarge between a and s. 
S43. Eveiy oondncdng snbstanoe, insulated and connected with the prime 
oondnctor, or robber, may be considered as part of diem, as far as their eleiy 
trie state is concerned: thus if a man standing on a stool furnished with insa> 
lating glass legs touch the prime conductor, he virtually becomes pnrt of ir, 
being similarly electrified, anil all the phenomena proper to the prime con- 
ductor may be observed at any part of liis suriace. ^ 

344. The electric spark, or more properly dSteharge^ does not impart to the 
finger a sensation of sensible heat» altbongh it is capable of exciting soffident 
caloric (367) to produce the oombnSlion of inflammable substanoea 

Exp. (A.) Connect a shallow metallic cnp wiih die prime conductor, and 
pour ether into it; on hoUUng the firiger or a knob of brn«ss over it, the <»fi^- 
tric discharge taking place tlirough it wiU evolve suilicient heat to inflame 
the ether. 

Exp. (B.) Put into a bottle granulated zinc, and eomadiliMe snlphorie aeid ; 
fix in its neck a oork furnished with a tube, terminadng in a small apectme: 

hydrogen gas will issue from it, and on holding it close to the oondudori and 
by means of a brass knob drawing a spark through the stream of gea^it w3l 
burst iiito flame. 

Exp. (C.) a brass tube, mounted on a 
stock Uke a pii»tol barrel, is furnished with 
aglassoriToijmbei screwed info A« Ttaoo^ 
this passes a brass wire, passing into the in* 

terior of the barrel, but not touching it ; the 

brass tul>e is then fillorl with an exJ)lo^iv(» 
mixture, by iioUliii<,' it for a few seconds over 
the mouth of a bottle ccntaining the ingre- 
dients for the production oi hydrogen gas. 
On closing the mouth quickly with a cork, 
the charge is retained, and on approacfaiag 
the knob b to the prime conductor, a spark is produced 
in the interior of the barrel, the '^nisesare exjijfxlec!, nn<l 
the cork driven out with considerable violence, atteiuleil 
with a lou'l report: this apparatus is termed Voitaa 
eleetric pistol, from the name of its inventor. 

345. The phenomena of attractkio and i^pulsoD, 
(298,) are exceedingly well illustrated by menus of the 
electricity excited by the electric machine, and wioMS 
toys have been contrived for their exhibition. 

Exp. (A.) Fix into one of tije hok -; <jf liu^ prime 
conductor the in^^lrument called Henley s electrometer, 
consisting of a graduated semicirele of ivory a, fixed is 
a rodof woodl». From die oenlreof Adependsaligfit 
index, terminatiog in a pith*faaU e, and imdV^ moviiv 
on a pin. On working tlie mnchine, the electroraelpr 
becomes, like the conductor, positively electiified; tho 
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piih ball c consequeritiy, becomes repelled by the stem d and leaves it ntuing 
the jDdez to 90^, if the ft^km of the madiine be sufficiently strong. 

EzF. (BL) Place in one of Uie holes in the prime eonductor, the stem of an 
artificial fisather, formed of fibres of finely-spun grass. On revolving the eytta* 
der, xhe fibres becoming aimilarlj electrified, tepel each other in an estiemely 
beautiful manner. 

ExF. (C.) Suspend from a brass rod, (Fig. 192,) inserte 1 into the conductor 
of the niacbiae, a plate of copper, about four inches in dmnieter, and about 
two inchee beneath it, place a second of rather larger size j on electrifying the 
conductor, the positive electridty of the upper, renders the lower plate nega* 

tive by induction, and discharge would ensue, if they wm not too far apart. 

On the lower, place some figures of pith of elder or paper, and on tnrning 
^ the machine, they will begin to dance between the plates, being alternately 
allracLed and repeiled by each other. 



Fig. 192. Fig. 193. 




Etp. (D.) STifjpenH, from a rod on the conductor, the apparatus well known 
as the eleetrie Ix lls. The two outer tells ah, (Fig. 193,) are suspended by 
brass cbaiu:^, whilst the central, with tlie two clappers, hang fium silken 
threads; the middle ben is oonneeiad to the earth bjr a wire or chain: on 
tunnng the cylinder, the bells a and B become podthrely electrified, and bf 
induction, the central one becomes negative ; luminous discharge taking place 
between them, if the electricity be in too high a state of tension. Bnt if the 
cylinder be slowly revolved, the little brass clappers mmI! become alternately 
aurdcied and repelle*! by the outermost and inner bells, producing a constant 
ringing so long ■A:i the machine is worked. 

£xr. (£.) Fix to the conductor a dozen threadsr-eadi about eight inches 
long, tied at both ends; on turning the machine, the threads becoming simi* 
larly electrified will repel each other, and as they are fixed at top and bottom, 
their centres will repel each other, and separating, the threads will represent 
a skeleton spheroid so long as die machine is turned. 

346. If a pointed wire be iixed to the prime conductor, a discharge takes 
phtte silently from it, in the form of a luminous pencil of rays, on working 
the machine ; this is accompanied by a brisk current of air, very sensible to 
the finger, when held near the point. 

Exp. (A.) Fix four vanes of pasteboard in a circular piece of cork fiimished 
witli a ste«M needle for an axle; suspend this from one of the poles of a bar 
magnet, and on holding it towards the point of a wire fixed in the conductor, 
80 iliat the current of air excited by the di:*chajge Irom it may strike the vane^ 
the little apparatus will begin to involve with great lapiditjr. 
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The oonent of air Urns Mt in motion, by diiduages Aam pointed wim^ ii ^ 
•nffioient to x«act upon tiwm, and ouue th«m to move in an oppoaiie dino- 
tian to the current, provided thef be fixed on an axis. 

Exp. (B.) Place thf" cap of the electrical fly, furnished with four pomt-^l 
wires bent near their terminations al ri^ht angles, on a pivot fixed in one o( 
tlie holes of tlie prime conductor. On turning the winch, the wire will rapidijr 
revolve in a direction opp(^d to the points, as shown by the arrows, exhibiii> 
ing in tho datk a oomplete ciida of l^ht. ^ 

Fig. 195. >ig.l96. 




347. The mechanical force of electric discharge is very considerable, pro- 
viding its effects be oonoentrated in one particnlar spot 

Fill a phial widi oil, or other nonnxindacting fluid, pass through the oork 

a copper wire bent near its lower end at right angles, so that its point ma/ 
press against the inside of the glass, and suspen-l it hy the upper end of the 
wire from the prime conductor. The point oi' the wire in tiie phial will as- 
sume a high state of positive electric tension (324). Then bring towards it 
a brass knob^ or a knuckle of the hand, induction and subsequent discbarge 
will take place thnmgh the sides of the glass, virhich will beo9me perlbiaisd 
with a round hole. 

348. The electric spark (discharge), passing through media differing from 
atmospheric air, varies considerably in tint. Thus, in rarefied air, its light n 
blue Rn<l le?s vivid than when iintler ordinary atmospheric pressure. Dr. 
Faraday iuuud tliat, in nilrugen, it was very brilliant, bluish, and sonor»K«i 
In oxygen, less brilliant and white; in hydrogen, crimson, and accnmpanisd 
by little or no sound; in carbonic acid its tint was rather more gvsan than in 
air; in coal-gas it was green or red, sometimes both, with ftequant interrup- 
tions })y })lack spots; nnrl in hydrochloric acid gas, white, without any of the 
dark spou so liequently present in the case of the other gasea. Oocasiooili/i 
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the spuk sppean interraptod in its neiitie hf a iKm*liiiniiiooB spol^ owing lo 
discharge taking ptaee at that polm in a more difibsed manaer than neaier 

the inducting srirfarf^s. In common air, the lumiooos elertric rlischarge or 
spark, becomes modified in tint according to the surface at which it takes 
place ; thus, from a Large brass ball, it is white and brilliantly luminous, 
whilst, as we diminish the size of the balJ, it becomes bluer and more scattered, 
BOTming the Ibim of a bnidi, whieh itself depends upon a series of inteimit* 
tlog dischafgee taking pfause witti considerable rapidity. From tbe soiftoe of 
ivory, the discharge is crimson colored; from silvered leather it is green ; from 
powdered charccal, yellow ; and purplish, when taking place on the surface 
of most iniperiect conductors of chx^tricity. The light of the electric discharge 
is capable of undergoing decomposition by a glass prism, and poiaii^tiun by 
idteetion or absorption, like oidinary lisht 

340. Several ▼arieties of eleetrio disebaiges hate beea pointed ool ami aie 
leadiiy distinguished by their attendant phenomena. 

(A.) Conductive disrhargc. — This takes place when bodies differently elee- 
trifted are connected liy means of a f^ood cu inductor. It is unaccompanied 
necessarily hy any chemic:al action or displacement of panicles. 

(B.} JJisiupLwe dtsciiarge. — Under this term is included all the varieties of 
e&ectrie diecbarge, accompanied by Ught, fxam ^e ftint lotnbent gleam at the 
eHrami^of a wire to tbe tiirid flames and sparks, aooompanying tlie restora- 
tion of eleotrio ecinilibriam between good conductors. In all eases of this dis* 
charge an actual displacement of particles through which it occurs, takes place. 
We have a good example of it in the frequent rupturt; of electric jars by sponr 
taueous disharge taking place through them j the peribration of a glass bottle 
full of oil (347), is also a case of this kind. 

(C.) Commfsw HMekarge.-^A form of discharge in which, ander the infln* 
ence of eleotrie ooireDts, pondeiable matter is set in motion. Thns, the a^risl 
cnnmats fiom points (346) are examples of the convective discharge. Another 
series of cases in which ponderable matter is tranFfr rred by the electric cur- 
rent, is found \n almost all instances of discharge between meiailic surfaces 
or charcoal jwints, minute portions of the material of which the conductor is 
composed, being conveyed from one suiftoe to the odier, so as to oorer it with 
a saperfloiBl ooating of the material of whksh a ball is composed. The direo- 
tkm of the tmnsfer in these oasesofcoaTeotiTe discharge h^ in die diieetioii 
of the posltiTe onrrent. 
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J^guited elertricityj 360. Chargf^ and discharge of coated dielectrirs^ 3^1. 
Charge pen f (rates mbBtanre of dielecfrirs, 353. Leyden jar, 355. Jn$uiaied 
jars cannot be. rhar^eJ, Battery, Wo^j. Residual charge^ 361, Velocity 

of dectricUy^ 362. Charge does rwt rtsule in the coaLuig^ 363. JDiidutrger^ 364. 
B rnwi am U witk dutrged jart, 365--«ilft baUery, 366. Buttmg ^ieU, 967. 
XcycfcH I^KMMi»360. iSdiUiUmri^Mfigwrei, 370. inlmiity^Mil yMwIdy, 371. 
Unit Jars, 372. Condetuer, 373. ConclMftfig eleeimmUr, 374. iStftimtng^ 
5Aod, 376. Unipolar bodkin 377. CbmwiiMi 4/ mnrcomdmcton auto cmi^moC- 
ivj ^ htatj 37$. 

350. Whbit two insulated conducting bodies are differently electrified, and 
approadied towaids eaeb other, so as to be within the inflaenea of iheiff iaii> 
tufld attiaotkm (326, b,) but not miffieaentlf near to permit of luminous dia» 
charge, no signs of electricity are communicated by either to a pith^xiU eleo 

trometer connected with them, until the bodies are separated ton considerable 
distance from each other. The electric fluids are tlius said to beoomd dif> 
guised^ or paralyzed^ by their mutual attractive action. 

£xp. (A.) Let two plates of tinned iron, ab, a foot in diameter, be inwhiM 
on Tamidied glass legs, gd, fixed into pieces of wood moTing in a gnowm ia 
the board b. To the backs of each of lliese plates is soldered a brass wire, 
furnished with a binding screw, giaqiiiig wires, aa, ikom each of which is 
suspended a pith-ball electrometer. 

Separate a and b from each Other, and toiieh one with an excited pieoe of 
glass, the other with excited resin, the plth-baiis cunuected with each piate 



Fig. 197. 




will diverge, one with negative, the other with positive eleetrieity. CareiuPy 
approximate the plates, and as their mutual distance diminishes, the pitb-bat]» 
will gradually collapse, until a and b are very near to each other, when they 
will appear totally unelectrifted. 

£xp. (B.) Tlie apparatus being in this state, giadually separate a and i, 
and, in proportion as this is done, the pith balls will divei^e as before, proving 
that the electric states of the plates had not been dutroytd dndng the prevkms ' 
experiment 

351. These phenomena depend upon a very simple cause, the attraction of 
the electricity in ▲ being sufficient to draw all that of the opposite kind in s, 
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ftoni the wire h, into tfHH put of the plale iupponte It; whllit i1m deonkftlar 

in B acts in a similar manner on that in polarizing the particles of the in 
tervening dielectric air. Thus, by their mutual attraction the two fluids nre 
collected into those surfaces of the plates nearest each otlier, and being by 
their attractive influence, retained there, become incapable of action on the 
electraiBMr: on MfMHUing ▲ and By thisaitiaoliTe influence decreases (326), 
. and the eleetrio flnids being difioaed om the aurftoes of ▲ and 9, act npon 
thtf etootTODieters oonneoted with llMin. Tha two aleotrio flaida cannot nnka 
by h^minous discharge, until a and b are very close to each other, and then 
oti making the communication with a curved wire, they unite, and mutnali/ 
neutralize each other, pro(hi( ing a true disrujitive (]is< harge (349). 

I^ejLi, reinoTe all fr(;e electricity from both ▲ and b, bring tiiem within one- 
azth of an moh of eaoh other, and touch ▲ with anaioited giwfMHaba; ittbus 
baeoaiiQK pontlTely electrified, aota iBT'indoodon ODtha 6l^^ 
kig ita negative and repelling its posttive fluid, which, nmoiog np the wire 
H, reaches the pith-balls and cause;^ them to rliverf];e. Touch b with the fin- 
gpr, and the positive electricity thus separated by in duction, will escape, leav- 
ing a negative; its electrometer cannot diverge, because its negative fluid is 
retained in the surface opposed to a (317). Separate ▲ and b, both electro- 
metofa will indi oat o fiaa etoctri clty of, an o|ipoute hind in each; again ap- 
praach tilam and the ptthlialU will as befiiEe coHapaOi Than oonnaot ▲ and 
9^hf9L enrred u-ire, and the two floida will niah together and aaite, prodno* 

iog a luminous discharge. In this experiment we have the second plate B, 
becoming negatively eiectritied through air as a dielectric, and this plate of air 
is said to be dtargedy its particles, lying between a and b, t>ecomiQg polarized, 
and arranged as required by the theory of induction ; the latter force being 
naceaaarily and aoMf aiortad between contiguous partidea (319). 

The plate of air thaa becoming chan^d^ may be dSachaxged and reduced 
to its primitively unelectrified state, in two modes; first, by gradual and silent, 
secondly, by explosion and sudden discharge. The conditions fbr producing 
the first, are fulfilled by merely leaving the instrument exposed to the air for 
a sufficient space of time, gradually the electricities in the two plates com* 
bine, and the separating dielectric air is necessarily discharged. For the 
aecond mode^ aU that ia neoeaaaiy it to connect the jphitaa a and 1 by mcaiia 
of a curved wire or other conductor, the fkoe eleotrkitiec then combine^ iodp 
denly producing a luminous diaidiarge. 

352. Any other dielectric may be submitted for air in these eTperiments, 
and if a plate of glms or resin be used, the electriciti( 3 accumulated in its 
two surface may be increased to a very considerable degree of tension (324). 

Exp. (A.) Place a^ large pane of glass, about fourteen inches square, be- 
tween the two platea of the appaiatna (250), and bring a and n ao near to 
each other as to tightly grasp the pane. Connect ▲ with the prime condnctor 
of the electric machine, and work the latter so as to render the plato power- 
fully positive : this wlW act hy induction through the pane of g]as«, on the 
electricity naturaily prcbcnt ici b, as before (351), repelling its positive, which, 
on approachujg the hand to the back of a, wiii produce a series of sparks, 
or discharges (334). After a eertain time theae will ceaae; then remore 
the wire conneoting a to the prime oonductor, and leaTe it inaalated; the 
plate ▲ will then be charged with positive, and b with negative electricity, 
both in a state of high tension. Connect the two plates by means of a curved 
wire, and disruptive difrharge, arising from the union of the eiectric fluids, re- 
sults, attended with a vivid flash of liu'ht ami a luud snap. If, instead of 
using a curved wire, the piaies be connected by the fingers of both bands, 
the same diacharge enaaea^ accompanied by an exceedingly diaagrceable and 
^7 
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painful ?pnsation, extendins? across the anns and chest of the experimenter, 
well known as the electric shcxjk. 

£xp. (B.) instead of plaoing a pane of gtast between the two nelBllie 
piatefl, ooat it on eauh aide with a pieoe of tiii-fi>il, leaving aboot one inch and 
a half all round nnoovered. On connecting one pieoe of tin-foil with the con- 
ductor of the machine, and the other with the earth, the glnss dielertric wiU 
be-ODme charged as before, thai side connected with the conductor acquirinjf 
a powerfully pf sitive, and the other an equally enei^tic negative charge. 

353. The diarge^ thus communicated to the plate of glass, penetrates i» 
aabslanee to a oartain distance, as was first pointed oat bgr Mr. Henlejr. 

EXF. (A.) Goat two thin pieces of window-glass on one side onlf with a 
piece of tin-foil, considerably smaller than the glasses ; place them together, 
M'ith their uncontcd sidps in contact. Charge this dowble plate Rf? before, and 
then attempt to separate them, they will ho found to adliere very tightly 
together ; on pulling them assunder, the naked side of that plate which bad 
been connected with the conductor will be fonnd poaitiTely, and that of the 
odier plate negatively eleetrified. 

This maybe still more readily sliown, in the manner pn^wsed by Dr. Faia> 
day, by charging in the same manner two plates of spermaceti covered on 
one side with tin-foil The imperfectly in^nlatin^ character of this s«h«mnce 
enables us to detect this penetration of the charge more readily than when 
l^ass plates are used. At the instant the discharge takes place, the two eleo- 
tricitiea aocnmnlalie in a state of high tension on the coated stiriaoes of the glass, 
pass from a slate of rest into one of rapidi motioni eon stit uting the ikdne 
mrrmt. There are indeed two suofa canrents, one of positiye tbe other of 
negative electricity, traversing the conductor joining the two coatings in op- 
p>osite directions; these currents are of but momentary directioin and oease the 
instant the electric equilibrium of the dielectric is restored. 

354. Induction, and subsequent charge, do not appear to be materially 
modified by the figure of the glass, its thicknesaonlyinfluendng these actions, 
€tUn§parUfim, die thinner the gUisa the mme p o w e rful charge will it hold. 
As the plate is a very inconvenient piece of Epparatns,on aeoonnt of its being 
readily injured, glass jars or bottles coated with some conductor, are almost 
universally suhstituted for it Thi«, indeed, was the first arrangement use*!, 
forming the celebrated electric or Leyden phial, so called from the place of 
its discovery, by Cuucus or Muschenbroek, in 1700. Green or white glass 
answers almoet equally well £>r the constr u ction of electric jars ; wide-raoothad 
glass jars are very convenient, bat on aoooont of their expense, common win^ 
bottles may be very conveniently substituted^ provided they are firee ftom air- 
babbles, and specks of unvitrified matter. 

355. The ordinary Leyden phial, or jar, consists of n 
glass bottle of any convenient size, coated internally and 
externally with tin-foil to about three inches from ii^ mouth. 
The latter isdosisd by a diy and varnished eork,or wooden 
disc A. A stottt brass wire, furnished with a ball of file 
same metal, passes through the cover A, and haa several 
thin pieces of wire, or h chain fixed to it^ end r, 90 to 
touch the inside coating m several places. The knob 
thus corresponds to the internal coating. When narrow* 
moodied jars or bottles, as the common sixteen ounce 
phials of white glass (whieh fiom their fiiinness fimn ex- 
cellent electric Jars) are used, it is better to ooat them m* 
tcrnally with brass filings, instead of tin-foil, on account 
of the difficulty of applying the latter to their interior. 
For this pur|>ose some thm glue sliould be poured into 
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them, and the bottle turned slowlf roand, until iti imm smftoe k oarmd 

to about three inches from the mouth. Brass filings are then put in, anil 
the bottle well shaken, so that they may be diffused equally over its surface; 
on inverting it, tliose wliicli are in excess will fail out, and the bottle will 
be led coated interaaily sufilciently well for its intended purposes. Some 
jm ahoiild always be provided with hooksi ioslead of knobo^ at it is requisite 
fieqaentlf to suapend tfaem to the prime oonduoior. To preveiit the too rapid 
deposition of tnoistme on the wiooated part of the glass, it is a good plan to 
laraish the jar above the external coating, with a solution of shellac in alcohol, 
or with the common spirj t- va rnish of the shops; taking care to waim tke jati 
bdbre, and after its appiicauoa. 

356. If the knob of a jar (355) be held about hail au inch from tiie prime 
eoodnctor, whilst its outside communicates with the earth, a npid ■oooessioa 
of sparks will take plooe between the knob and conductor, which will oon- 
tiuue for some time, and then cease. The jar will then be chargedj its inside 
oontniningr positive, and its outside coating negative, electricity ; their union 
being |)revented by the interposed p^lnss, unless the tension of the electricity 
be considerable, in which case, discimrge oAen ensues through the glass, 
which then becomes perforated, and the jar rendered useless, or else by pas- 

over the sax&oe of the uncoated shoulder pf the bottle in the Ibtm of a 
bluish lambent brush of flame, constimting the spontaneous diseharge. If 
the electric tension be not sufficient to produce these phenomena, and the 
bottle be pet aside, its electricity becomes gradually neutmlized by the con- 
ducting action of the surrounding atmosphere. 

357, When an electric jar is charged (355), its discharge may be effected 
by ooaneeting its outside ocating with the knob, by means of a thick curved 
wiie^ which is generally furnished with a brass ball at eedi end. This in- 
•tmment or discharging'tod is usually fixed to a glass handle, and a cradle- 
joint, like a pair of compasses, so as to allow the metallic arm? to be placed 
St different distances from each other. The jar may be also discharged by 

Fig. 190. 



grasping its extorual coating with one hand, and touching the knob with the 
other, in whicii case the person who performs the experiment, experiences 
the peculiar and painflil sensation, termed '*the shock'' in his arms, and if 
die jars be large, through his shoulders and chest. A charged jar whose 
outside contains negative and inside positive electricity, is said to be posi- 
tively electrified; and to be negatively electrified, when the electricity of its 
init nini coating is of that kind. 

338. In accordance with the conditions of the induction and disguise of 
electricity (3d8), it is obvious that an insulated jar cannot be charged (350). 

£xr. (A.) Place a jar on an insulating support, as a stool with glass legs, 
with its knob in contact with the prime conductor ; on working the machine 
for some time, and examining:: the jar, it will \w found to be Blmo*?t definite 
oC any electric charge. For on connecting its outside and inside coating, by 
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iMMWof die cliflcliftvgiair rod (357), no di9ohaf«e takes pHide, a fidnt ipttk 
oolf appearing between the knob of the discharging rod and the jar. 

ExF. (B.) Place the jar in the same position, and while the machine is in 
action, approach he finger to the outside coating, vivid sparks will pass to- 
wards it, arising from the positive electricity belonging to the outside of the 
jar, uniting with the negative in the finger. After a certain time then 
aparki wlH oeaae, and on appraaohing tho dSfleharguig lod to the jar, liio 
flash of lic^t and fcmd snap that enttne, piore thM the jar haa received a ooo- 
nderaT)Ie charg!B. If the knob of a second jar be substituted for the finger, it 
VriU become charged by the electricity, repelled from the outside of the first 
jar; this mode of charging is termed, by the French, "charger en cascade." 
And in this manner a series of jars can be readily charged, representing a 
polar arrangement, in which the knobs of the jars are all positive and 
outside ooatings all negativo. 

Fig. 200. 

359. The charge of an electric jar varies, C(Bteris paribus^ with the extent of 
coated surface j and on this account, very large jars have beuu coostiucteti. 
These, however, have seveial inoonvenienoea, and among them raaj he men- 
tion^ the necessary thickness of the glass when ^e jars are very; lain 
preventing inductioD to any gteat.intensi^ taking place tlirough them. On 
this account, several small jars coated in the usual manner (355), are placed 
in a box lined with tin-foil, or other good conductor, so as to connect their 
outsides, whilst their knobs, and consequently tlieir insidus, arc connected by 
brass rods. The whole constituting the eUclric baUery. As the interior of aU 

Fig. 201. 




the jars communicate, they may be charged as a single jar (556), tlieir ex- 
teriors being connected with the earth. A hook, a, is fixed in the side of 
the box in contact with the metallic lining, so as to allow leadity < ;? fftnm ""«* 
eating chains or wires witli tlie outside of the jars. 

360. ^ charging a battery, its interior is connected by means of a wire or 
diaui with the prime conduclor, and its exterior ccmnected with die earttf ; 
and finr the purpose of tracing die progress of the charge, the*qinidiant eleo- 
trometer (345, a) is fixed in one of the holes of the prime conductor. On 
turning the machine, the positive electricity accumulating in the inside of the 
battery befx)mes disguised (350), by the inductive action of the outside coat- 
ing, and consequently does not act on the electrometer (361). But in pro- 
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portkm at ihe eleotrioiCf omsm lo be leHdaed bf ddf aotioii and aeemnilMi 

in the conductor, it acts on the electrometer and raiies its index, which, wImii 

the battery bns ntmined its utmost charjje, ?e?f?om ri-^ps nbove 40° or 50®: as 
the tension of a battery charge never pqunls ihnt of a sin^Jile jar, probably on 
account of the larger surface exposed lo inductive action, liie battery may 
be discbaj^ed like a single jar, by connecting its outside and inside, by lueaus 
of a dBsoharging rod (357), or a ohain. Grant care abonld be taken in tbii 
opeiattoD to avoid passing any of the ebarge tbroagii Ihe bodjr, as- Ae shook 
IKmn a powerful battery might be attended with serious conaeqoences. 

361. Aflera large jar or battery has bf^en disrharp^ed, its two surlkces should 
be left connected for some time, as a residual charge, arising from the return of 
the electricity which had penetrated the substance of the dielectric (353) to 
the coatings, often takes place, and may giro a seveie shook to a penon 
tonohing the battery without this pieoaution. Aooordiog to Beiss, the quan- 
tity of free electricity neutralized by the first discharge^ amounts to \^ only of 

>the entire charge, being left for the residual charge. 

362. When the tw^o surfnces of n charged jar are connected by means of 
the discharging rotl (557), or a lon^ metallic wire, the two electric fluids rush 
together and unite with an enormous velocity. In fact, even with the largest 
circuit yet employed, their union appears to be absolutely instantaneous. Fram 
a eaties of very beeutiAiI experiments peribrmed by Professor Wheatslone,* it 
appears probable that iho electrio fluid, in passing through a condoeting wire 
from one side of a charged jar to the other, rush through the conductor with a 
velocity equal to about 576,(X>0 miles in a seconf! of time. 

303. From the above remarks it is obvions tiiat the coatings are by no 
means essential to an electric jar; they act only as surfaces limiting the in- 
ductive action, the tharge itself residing, as has been already shown, in the 
^lass. This may be further proved, by proviiling a wide mouthed glass jar 
with movable coatings ; charging it (356), and removing the coatings, these 
will be found unelectrificd. and on replacing them by nnother pnir, the jnr 
may be discharged, the flash accompanying which act, will \>f Inund scarcely 
less than that of a jar whose original coatings have been retained. 

A jar may also be charged without metallic coatings; to show this, let a 
glass tumbler be grasped by the band, and its mouth held 
over a pointed wire, fixed on the prime condootor of a 
machine in action ; it will bccoAie charged, and on fitlii^ 
a pair of coatings to it, it mny be discharged like a cotnmnn 
jar. If, instead of dischar<!i(ig it, it be inverted on a t;d:lo 
over some lia:ht pith-lmlls, these will be attracted l>y its 
internal surlace m a very curious manner, and the dis* 
eharge will tieeome gradually eflected. 

The coating, as mi|^ be from these fikcts expected, needs 
not to be continuous ; it may consist of a number of separate 
pieces of tin-foil fixed at a small distance from onrli other. 
Jars thti? coated, are termed diawond jars^ from the brilliant 
scintillations appearing on their suriaces when they are 
charged and discharged. 

364. When the union of the two electric fluids, necessary 
Ibr the discharge of a jar, is efieoted by various conductors 
connecting the two snrftces, the charge is said to pass througli 
them, and very important and interesting mecliarn'^ al and 
chemical effects are llms produced. For the purpose of pass- 
ing the charge througli different bodies, a very convenient 
piece ui apparatus, called the wnwentl diiekargeTf is em- 

• PhU. Trsasaedoni, 1834, p. 501. 




Fig. S03. 
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ploy«d; ikm mntktB «f two biMt wsM^ ab, %mmlmlaag m pointBi «> wUdk 
htjlh wtm torewed, and fufniflied with a ball and socket or ondla joiiit|io tbat 

thpy are movable in any direction on the tops of the glass supports cd. A 
lioUow woolen support, e, is fixetl midway between them ; into this is screwed 
a small wooden table having' a slip of ivory inlaid on its surface, on which 
any aubstanoe to be subjected lu the action of the current i:i placed. A small 
jiretB Is •ouMtiaiet ptaoed io s, inMMd of Ibe tdile v, fiir ifae purpoae of 8iil> 
uiitiDg bodiM 10 tli0 wsiioo of the diaigo whilit wider pveame. 



Fig. 204. 




365. Tbo Ibtknring cxperimonts, reqairing ibr dmir padbmittm « einrged 
jar, exposing about a square Ibot of ooatad suiiaoe, will illustnite eioeedingly 
well the genend ptopeities of accumulated eleotrieity. 

(A.) Fix to the ontside coating of a jar a curved 
Fig. 205. wire, a, terminated by a metallic l>aU b and ri«in2 

r ^jr ^ o ^ same height as the knob oi the jar, c. Charge 

y y the latter, and hang by a silken thread midway be- 

I tween ■ and acork balU suspended by a piece of 

" T sitk thread. The hall will beoome immediatelf at- 
^1 tracted by c, then repelled to n, again attracted, and 

^ I 8o on, continuing this aoti?e motion until the jar is 

discharged. 

^ ■ ' ■ ■ I (B.) Insulate a ciiarged electric jar on a support 

with a glass leg,andoonoeotthe electric bells (345) 
' ' to its knobu Tbej will remain at rest, until theoul* 

side of the jar is placed in connection either with 
the ground, or with the chain connected to the middle bell, when the clappers 
will he set in active motion, and will oontinae striking the bells untirthe jat 

is di.schargcd. 

(C.) Place some gunpowder uu tiic tubie of the universal discharger (3G4), 
unscrew the knobs from die wires au, and immerse their points in the powder, 
at ab(mt half an inch from eaoh other. Gonneet the ootside of the eharged jar 
with the rod a, by means of a chain, and totieh B with its knob, the ckargt 

will pass throu^^h thr^ powdnr, nnd scatter it in all directions without inflaming 
it. An efTpnt proliably aris;t!ii from the enormous velocity (362) with which 
the electric di^harge occurs, not allowing sufUcient time to produce the eS&ctB 
of combusLiotL 

(D.) Place some more gunpowder on the table of the disobarger, and ar- 
fBnge the apparatus as belbre; connect tiie outside of a cbaiged jar with a, 

by moans of a piece of thick ttring soaktd tn waUtt instead of a chain; touch 

B with the knob of the jar, and the gimpowder will be instantly inflamed. 
The action of the wet string appears to favur the combustion, by impeding 
that velocity with which the electricity traverses the powder, and tlius allow- 
ing time for the prodtutlon of its caloric eifects. 

(E.) Tie some tow loosely over one of the bulls of the discharging rod 
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(357), and dip it in powdarad iMin; plaoft the nkksd Ml la ooninst with 

the outside of a charged jar, and bring the otber in oontact with the knoU 
DTSchar<];e will take place, and the resin will burst into flame ; the ccinbllStion 
being favored by the badly-conducting nature of the tow and reein. 

(F.) Place between the knobs of the universal dis^-hfirner (364), a thick 
and dry card, and discharge a jar through it. A periuration will be pro- 
dooed, the oatd at that point being bmmd ontwaidt in both diieetkms^ as 
though the ibice producing the perfimtion had emanated (hni the centre of 
the thickness of die card in two opporite diieetions. 

(G.) Color a card with vermilion, unscrew the balls from the universal 
discharger, and place tiie points on opp<Mite sides of the card, one alx)ut half 
an inch above the other; and discharge a jar through them. The card will 
be- always perforated at the point opposite to the wire, connected with the 
negative side of the jar. A black line of reduced mercoiy will be found ex* 
tending from the point where the positive wire touches the card, to the place 
of perforation* This curious effect is attributed to the great faciUty with which 
piKitive eloctrioity passes through air, as compared to negative. If this ex- 
ptTirnt lit' n ]) in vaato, the perforation always takes place at a point 
UilertrnduiU between llie two wires. 

366. When electriciiy is aooumulatsd in large jars, or, still better, in a series 
of jan constituting the battery, we are capable of producing results whksh 
sunnlate the e&cis of lightning; and may be considered as beiEuing the same 
relation to the area in which they are exhibited, as the former does to the 
great theatre of nature, in which its no less grand than awful phenomena are 
displayed. The m^hanical effects accompanying the d ischarge of an electric 
battery are extremely interesting, but the caloriiiu phenomena it produces are 
still more sow In these ezperiments» the imiversal discJiaiger should always 
be used to apply, and the quadrant electrometer to aflbnl a comparative mea- 
•ure of the charge employed. 

(A.) Piact^ a sheet of white paper on the table, and let a fine iron chain 
about two feet long, connected witli the wirps ab of the discharger (304,) lie 
upon it. Transmit the charge of alx>ut six jars, each presenting about a foot 
(H* coated surface, through the chain: — on removing the latter from the paper, 
its ontltne will be observed marked upon it, with a deep stain at each link. 
The paper is often burnt through in plaoea if the charge be sufficiently pow- 

(B.) Tie on one end of each rod of the discharger the e?vl of a piece of 
fine steel wire,* about four inches long, and allow thp charf^t- c l" ilie. battery 
to pass through it. The wire wiU undergo combusliun, accompanied with 
a vivid flash of light, being converted into oxide^ whigh is dispersed in all 
directions. 

(C.) Place a slip of gold-leaf between two pieces of paper, allowing its 

ends to prriject, and press the whole firmly together by means of the little 
pres? of t[)f universal discharjjer : let its- rod ar (M(j4) touch ill * projecting por- 
tions of ihe gold-leaf, and trautituit the charge of a battery through the appa- 
ratus. On removing tlie paper from the pres»s, it will be found stained of a 
deep purple hue from die oxydized gold, the metal beia<; entirely converted 
into sub-oxide by the disofaarge. 

(D.) If, instead of using paper, the gold-leaf be pressed between two plates 
of glass, the latter will be generally broken to pieceS| and -the gold foiced into 
their substance by the force of the explosion. 

3b7. The iaciiity with which metals are heated by the elecirM; discharge, 

• The wkk -pendulum win is best for this purpose, that sold as nomber 3ft readily 
aadefy^iDg combusiioa by a very low ebarge. 
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t^pmn to hmx a diniaot mtb tc» didr ooodncting powcn. At« 
nilet it appann that the greater the resistance offered by a metal to the pas- 
sage of the current, the greater the evohition of heat. The following tabular 
results of the experiments of 6ir Snow Harris on this subject are Teiy iate- 
resting. 

Heat evolved. Reeigtance. 
Lead, .... 72 18 



36 • • 6 

30 . . t ' 

30 . • 5 

18 . .'3 

9 . . - 1-5 

6 . . 1 

6 . . 1 



Tin, • 
Iron, • 
Platinam, • 

Zinc, 

Gold, . 
Silver, , 
Copper, 

3d8. The electric discharge is capable of communicating transient phos- 
phoreeoent properties to various Iwlies over which it passes; thus sugar, floor 
spar, and carbonate of lime, continue to emit a green light for some seeonds 
after the charge has passed over their surlkce. This is best seen by placing 
the bodies between the ende of- iho wires of the oniTersal diaeharger (364), 
andpaseiagtheehBigeof a laige jar through them IB a dark loonn. Ifagtaw 
full of water be allowed to rest on the ends of the wires, the passegaof the 
discharge under the gas will render the whole beautifidly luminous. The 
most rnriofis experiment of this kind is made by plnring the endsof the wires 
of the tliAt-liarger alxjtu a qunrter of an inch apart and pressing the end of the 
thumb over them. On ilieu di^^cimrging a jar through the wires, the thumb 
Will Ibr an instant appear illuminatiad with a real light as if suddenljr len* 
dered tiansparent £ggs» fruit, &o., -ina]r dias be rendered luminoiift. 

369. As we, have seen that electric induction takes place with very gnii 
ftdlity through highly rarefied air (279), we can readily understand the ra- 
tionale of tlie Lfyden vacuum. This consists merely of an c!ec» 
Fig. 206. trie jar coated as usual, externally, its interior being exliausied of 
air, by means of the air-pump, and liaving a point dipped into 
its inside, and connected exiemaily with a knoli. This appaii* 
tus may be used like the common elaetrio jar, indootioa and (U» 
charge readily taking place from the point over its whole interiMU 
surface. On charging and (Hscharging in a dark room, the point 
of the wire in its inside becomes beautifully iiluniiimTed with a 
star or pencil of rays (339), according as the eleciru ny in the 
interior tof the jar liappens to be of the posiiive ux uegauve 
obaiacter. 

370. The opposite electric states of a chaiged jar may be 

beautifully demonstrated by means of the well-known figures of Liechten* 
berg. To show tliese. make the resinous cake of nn eleotropborus (3'2'2) dry 
and warm; draw lines on it with the knob of a positively charged jar, and 
siit over these places a mixture of sulphur and red lead; on inclining the 
plate, to altow the exioeM of die powders to fall off, every line marked by lUe 
knob of the jar will be observed covered with the enlpbur, whilst the minium 
will be dispersed. On wiping the pktte and drawing figures with the ounide 
of the jnr, the sulphur will be dispersed, and the minium coUeolad in a veif 
elegant manner on the lines described by the outside of the jar. The ra» 
tionale of this experiment is very ob\ iune, the sulphur becomrs ne^'aiively, 
and the red lead posiuvely electriiicU by the friction to which tiiey are neces- 
sarily exposed, and oo altowing the mlxtnte to fiill on surfaces possessing one 
or the other eiecttidif in a ftee state^ tbe flnlphttr will be coUeeled on the 
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pomdve, and the minium on die aegative povtbns of lha plale, iwoording to 
tfaa well-known law of electric attraction. 

371. The fact that the intensity of a clmrge has no necessary relation to 
the quantity accumulated, must tit v- i Kie {( rgotten in experiments with charged 
surfaces. Thus, let an ounce phial be cojited like an electric jar, and ohar^pd 
in the usual manner, a vivid althougli minute spark and distinct snap wUi ac- 
company its diecliarge. If the finger and thumb of one hand be nied to 
connect the outside and inside coatings, an electric shock will be distincUjr 
felt Then re-chazge tbu piiial, and connect its interior with the knob of a 
coated jar holding a quart, and unite their outsirie ronijni:8 by means of a wire. 
Separate the two jars, and it will be found that scarcely the trace of a spark, 
snap, or shock, will accompany the dischaige of either jar, although the ac- 
tual quantity of electricity must be the same as iq the ibrraer experiment. 
The real change undergone being a diminution of tensicti in the accumulated 
dectricitj fwm its diffusion over a wry large surface. 

372. The unitjar contrived by Sir & B arris enables us to 
considerable accuracy the comparative quantity of electricity ac- 
cumulated in a jar. This consists of a small coated phial, in- 
sulated on a gla^s support. Its charge is assumed as the unit 
of measure. A small coated jar, a, (generally made of a piece 
of glass tube,) inverted on an Insulating support ; a wire fur* 
ttiahed with a knob at each end, capable of moving through the 
ball B, is connected with the outside cK»ting of the jar. The 
wire find I n 1 1 c are connected witli the inside of the jar. Let 
the outside of the jar a he connected with tlie prime conductor 
of the machine in action, and the end of the wire c with the 
knob of a larger jar. It is obvious that the jaf a will be charged 
negBitively intenmlly, its positlTe electiici^ thus tepelled, enter- 
ing and charging the interior of the lax^er jar. After a short 
time a snap and flash of light occur between n anrl c from 
the discharge of the jar in. The latter again becomes charged, 
another ix)rtion of positive electricity ent»?ring the larger jar 
£som its interior, and so on. Thus, assuming die quantitjT 
of electricity required to efaarge one surfiuse of the small jar as unity, the 
number of luminous discfaniges ooouning betureen b and a will inrori9 us of 
the quantity of electricity contained In the larger jar. 

373 I'y means of the action of induction causing the disgitised or paralyzed 
ffate ( jT)']) of electricity, we are enablcfl to detect very minute traces of free 
elec trie Uuid with facility; instruments arranged for this purpose are calieil 
condensers. To illustrate their use, touch tlie prime conductor of an electric 
machine in weak action, with a disc of metal furnished with a glass handle^ 
as the cover of the e]eotrq>horus (322), and bring it towards the cap of an 
electrometer, the gold leaves will be scarcely affected. Then touch the con- 
ductor once more with the disc, holding beneath and parallel to it, at the dis- 
tance of about a quarter of an inch, a second disc of metal, but uninsulated. 
Remove them in position from the conductor, and touch the ciip of tlie elec- 
tromeier with tlie insulated plate, quickly remove the other plate, and imme- 
diately the gold leaves will diverge to a considerable distance ihnn each 
ether. In this experiment, the conductor being weakly charged, the plate (rf* 
Ae electiopborus employed can only remove a portion of electricity equal to 
its own surface, a quantity far too small to act n{x>n the elf ctrnmeter. But on 
repeating the experiment, with a second plate held parallel to the llrst, induc- 
tion coinf^s if^to play, the electricity which first enters the insulated piuie be- 
comes laietu ur di&^uml^ a irebli portion enters, and so on, until die plate of 
air confined between the two discs of metal becomes cluurged (3M). On 
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then Mpaiating th«ra, tfaft ooereinf Ibtoe Mding the eleetrieitflfttent beoomei 
wmoreA, and the absorbed electrie fluid leadily acts on the eleotrameler. The 

most convenient form of the condenser is furnished by the apparatus used in 
the beginning of this chapter to ilUistrate the phenomena of induction (356). 
To use this for a condenser, remove tlie fork-ball electrornelers, and connect 
one of the plates, as a, wiiii a guld-ieai electrometer (304), by means of a 
wiie. Lst the other plate eommiinieate ^th the earth by means of • pieoe 
of chain or wite^ then bring the two plates as near as possible to each other, 
but without allowing them to touch. By means of a wire, or by absolute ooih 
taot, connect the body whose electricity is to be examined, for a few secon^f«, 
with the plate a; then remove it; quickly separate b from a, and instantly 
the electricity left free in a, will cause the gold leaves of liie electrometer to 
diverge. In this manner, the smallest traces of free electricity can be readily 
dsteeted* 

374. In the condensers nsnalljr made in d>is comitrf 

the nninsnlated plate is made to move back on a hinge, 
as ?hown in the flgnre, where the electzici^ and the in- 
sulated plate have to be examined. 

As it is difficult to place the plates of the condenser as 
ck)se as is necessary, without tiieir •accidental contact 
often ensuing, it is ttsoal to ooTcr their opposed mrft»es 
widi a thia layer of rednoos Taniish, as a solution of 
gum-lac in alcohol. When plates thus prepared are 
used, the layer of resin becomes the chfir<?ed dielectric^ in- 
stead of the thin plate of air. They aru ttien most con- 
veniently arranged horizontally, and this is the form in 
which they are generally used on the continent. 
375. Aided by these condensing instraments we are ena- 
bled to appreciate the disturbance of eteetrie eqmlibrinm in 
many cases in which, without their aid, we should quite Ihil 
to do so. The following are some^ighly instroctiTC instascss 
of this kind. 

(A.) Detection of eteetricily excited by combustion. — Connect 
a delicate gold-leaf eleotronieter a with one plate a of tl^e 
condenser, ptaunng the other, €, in comnminieation with the 
earth by a chain d. Select a pieoe of well-faomt charooal, B» 
about 4 inches long, and twisting a piece of copper wire firm^ round one enc^ 
conuect it with the cap of the electrometer, ignite the upper end of the cfaar- 
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coal, and keep it brilliantly burning for a few seconds by aid of fi strenm of 
air from a pair of bellows held at a distance; then quickly remove (he tnuii- 
sulated plate c, and the gold leaves will diverge with negative electricity. 
(FbiiiUet.) 
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(B.) KUdricity er'ohed by redudion of salts of siher. — ^Remove the charcoal 
in the last experiment and replace it by a capsule oi {platinum containing a 
few grains oi oxalate or citrate of silver. Apply the ilame of a spirit-lamp 
uotll the capsule is barely red hot, and then quickly reraore it The silver 
wilt be leduced to iu mecallio state, and on lifting off the plate c, the gold 
leaves will separate with negative electricity. (Buttger.) 

(C.) EUdricUy evohtd by decomposilion of nitrate of copper. — Place on the 
cap of the olectrotneter r few folds of wet bibulous pmper, and place on it a 
few crystals ci niiraie oi copper wrapped in a piece of tin-foil pierced full of 
boles. As soon as Uie water penetrates the foil trom the paper the tin will 
be acted upon, the nitiato of copper reduced, and red ftamea will eteape with 
a copious erolation of heat The gold leayes will diverge with aegatiTe 
electricity on removing the uninsulated condensing plate. •(02htgw.) 

(D.) Evolution of ehdricity during the breaking up of cryntah. — Place in the 
platinum capsule used in experiment B, a few crystals of the double sulphate 
of |>otass and copper; apply the heat of a spirit-lamp uiiiil they fu<»e, then 
remove the lamp. Tlie melted salt will soon solidify into a solid taass. lu 
a few seconds this will begin to bieak up with a loud oiaekling ncrfse, and 
CO removing the i^per condensing plate the eledromeler will be found 
charged with positive eleetrioify. (Bdt^r.) 

37 G. en a large jar or battery is discharged by means of a discharging 
rod withfujt a glass handle, a slight ^hock is often felt by the person holding 
, it, although he forms no part of the direct circuit. This arises from what has 
been termed the lateral explosiony or more appropriately by Lord Mahon, the 
fstttming shook, and is owmg to the acoumulated eleetrioity not passing 
through the conducdng medium in a single insteat of time, althoo^ its rapidity 
Is excessive (362). It therefore acts momentarily by indootion on the electri* 
cities naturally present in tlie substance in contact with the conductor, as the 
hand, and thus cOects their separation ; their recombination taking place tlie 
instant the discharge of the jars is completed, producing the slight shock ex- 
perienced. The lateral explosion is exhibited in the following experiments^ 
(A.) Charge a jar, and place on the table, with one end in contact with the 
outside coating^ a piece of biass chain. IHsehargs the jar by means of the 
discharging rod, and the instant the discharge occurs, the chain, although not 
forming any part of the diouit, will be illominated by a spark appearing be-, 
iween each link. 

ifi). Let an insulated conductor c, be placed about three inches from the 
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«»nd of the prime conductor i, of an electric machine. A conductor connected 
v^ith the earth by means* of a chain, as D, is placed about a quarter of an 
inch from c. Then being positively electrified, decomposes the electricity 
I ia c, repelling U* pom^ to B, whence it escapes to the earth, so that e is left 
ia a negative state. On disofaargbg a, by touching it with the fingers, a vivid 
spark appcarstietweeii 9 and e; end c is then found to be in its natural eleo- 
nie state. 
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• 877« ffithwto,w hnte w aM e nA that negative and posltiYe etectricity pos- 
MM tha Mme propertiM widii^pBrd to conductkm and insolation; differing ia 

the appearance of their luminous dischnrfif, tbo one being accompanied l»y a 
star, and the cthfT by a pt nt il of lij^ht (339). A remarkable circumstance 
lias been lately oWerve*!, which tends to indicate the proUibiiity of the exish 
ence of some more important difference between them, instanced in certua 
bodiM being capable of oondaoting one fluid, and infutaiting the other, when 
tiiej aie ia a HMe of uUimm i^ weak tension. These bodies aTe teziued hm* 
polar ; among them, the flames of alooboli coal-gas, and solpfaar appear to con- 
duct positive electricity, whilst tlio flnrne of phosphonis, dry albumen, ivorr, 
and dry soap, conduct negative elcctnciry. Of an approach to thi-^ r-tjrious 
class of bodies we have an instance in atmospheric air, which would appear 
to allow the discharge of positive, to take place quicker than negative electri* 
city (360, a), although Piofi^seor Belli has stated the oonttaiy to betfaaihct* 

378. Good conductors, and ii n conductors pass into each other by insenri* 
ble grades, and indeed rather differ from each other, in one insulating better 
or worse than another, as they all offer more or Ie«s opposition to induction 
and resulting discharge taking place through them; and at length, such a point 
of indifference to the dischai^e of electricity is met with, Uiat bodies are 
known which allow diachaige to take pleee tiitoagh them in one dttaetioB, 
and piavent it in another, » In the ao<)aUed nnipolar bodies discorefed 1^^ 
Shnosann (377). Many non-conduetoia insalate when ooM, and ooodaet when 
heated red-hot, as glass. Others do not acquire their conducting power until 
they are fused, as in the case of resinous electrics, which allow discharge to 
take place through them when they are fn^ied, a circumstance lirst, I believe, 
menticmed by CavaUo,j' and shown to iioid good even with electric cuxreuis 
of weak tension, by the elaboiale leseaxohM of Faraday, 



CHAPTER XIV. 

ATMOtnimO USCTBICITr. 
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ofMrialMhe&icitjf,3S6. jL%A/iM«g, 387. Paratonnerrett lUutiratim 
eiBpvmmiit 390, Sulguriles, 392; EkdriemeUon, 393. 

879. Tax atmospheric mediam, by which we are suriounded, contains not 
only comhimd electricity, like every other form of matter, but also a considera- 
ble quantity in a free and uncombined state; somciifues ff one kind, some- 
times of the other; but as a general rule it is always of an oI)I"^Mt«^ kind to 
that of the earth. Different layers, or strata of the atmobphcrc, placed uuiy 
at smalt distances ftom eadi other, are frequently ibund to be in difllbwit 
electric states. 

380. Various pieces of apparatus have been contrived to Ibcilitate an exam- 
ination of the electric state of the atmosphere. TheM consist in general of 

• Poggeiidorfl, Annalcn, t. xl. p. 73. 

t T^eailM on electricity, p. 309. I^ndeii, 1777. 
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polee elofated about thirty feet into Ihe air, piovidfld with « imtalllo potnl «l 

their upper, and insulated at their lower ends; the electric bells (345 d) 
being frequently suspended from a conductor in oontnct with such pieces of 
apparatus, that by their ringing, ihey may indicate the presence of free 
electricity m the conductor.* A long fishing-rod, raised alx>ve the highest 
pact of the lioaae, and provided with aa insulating conducting wire, furnishes 
m. Toiy coorenient appantiM for ooGBsional ob6erTEtiiiii8.t The appamtiit 
naed by Sanaanre in bis well*kiiown researches, was merely a well-insulated 
electrometer, provided with n conducting wire about three feet in lengthi to 
absorb the electricity from the air. 

381. By aieaos of any of these pieces of apparatus, we can readily arrive 
at a knowledge of the electric state of those portiuutt oi' the atmosphere 

• neareet the earth* la clear weather, indicatioiie of ftee positive elecirioitf 
are alwaya to be met with in the atmosphere f diia is weak before sunrjsei 
beccNXiiiig stronger as the sun passes the horizon, and soon afterwards gains 
its greatest suite of intensiry; it then rapidly diminishe?, and regains its 
minimmn state some hours belore sunset, after which it once more increases, 
and gams its second maxintum state, winch then decreases until the foUowing 
sioraiiig4 

M. Sehnbler of Statlgard, to whom we owe the above observatkmsi has 

remarked that the atmospheric eleetrieiitf increases from Joly to January, 
anri then decreases. It is also much more intense in winter than in sninniM» 

and appears to increase as the cold increases. 

382. Among the causes modifying the electric condition of the atn:iospliPro 
must be ranked its hygrometric state, as well as, probably, the nature oi tiie 
efflaTia vrhick may be volatilised in any given localiQr. Thus, Saussnre has 
observed that its intenslly is much more considerable in elevated and isolated 
places, than in narrow and confined situations; it is nearly absent in houses, 
under lofty trees, in narrow courts and alleys, and in inclosed places. In 
crowded cities it is most intense in the squares, and upon the bridges. In 
some places the most intensely elecuic state of the atmosphere appears to be 
that, in which large clouds, or dense ftgs, are suspended in the air at shun 
distances above the snrlheeof the earth; these appear toact as the oondoctofs 
of the electricity ftom the upper regions. 

383. Cavallo, from a pct of experiments performed at Islington in 1776, 
ascertained that tlie air always contains free pogitive, electricity, except when 
influenced by heavy clouds near the zenith. This electricity, he found to be 
strongest in fogs and during frc^ty weather, being weakest in hot weather, 
and just prevloos to a shower of rain; and to incnsase in proportion as the 
instrument used in its investigation is raised to a greater elevation. This 
indeed necessarily happens, for the earth ^s surface is, caterit paribus, always 
negatively e!ectrifie<l, n cf>ntirmal but gradual combination of its electricity 
with that of the air i-i rnn-uuiily taking place at its surface, so that no free 
positive electricity can be detected within four feet of the surface of the 
earth. 

Mr. Crasse, of Bromfield, oolleets and examines die atmospheric electricity, 

by means of wires, insulated and supported by poles and by the trees in his 

park. Wlien these conductors are alx>Tit one thirrl of a mile in length, he 
hn? frequently succeeded in collecting sutticient electricity, to charge nnd dis- 
charge a lottery of fifty jars, containing seventy-three square feet of coated 
scurface, twenty times in a minute, accompanied by reports as loud as those 
of a eBnnon.$ 

• Phil. Transncfions, 1792. t rnvnllo, p -^-n 

t Becquerel, Traii^, U iv. p. 64. f biurjjuou s Jourual, voL i. p. 130. 
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984. Tbe Unit ntiifiustoijr &iteiiipt to oollect fhs electiieiiy ot ^ uppei 
tegkms of the air, was made by Br. Franklizi in North America, in. 1752^ 
although it must be observed that a short time preTiously, Dalibard^in France, 

hnri by means of a Innt^-pointed conductor, •rai?pd in Marly-la-Vif!p, sncceeded 
in obtaining vivid sparks ol atmospheric electricity. Dr. Franklin raised into 
the attnosphere a kite, formed by stretching a silk handkeichief across two 
rods of light wood, and With fli^ wbea th^ ttrlng had been rendered sofll- 
dently moist bj the fhlllDg min to conduct eleccrid(f, he obtained a copious 
snccetakm of sparks, from a key, fiistened to the end of the string. Subse- 
quently, M. Romas, in France, by increasing the length of the string, obtained 
flashps of electric light from his apparatus, ton feet in length, accompanied 
by a report as loud as that of a pistol. Shortly afterwards Professor Richnian, 
of St Petersburg, was struck dead by a discharge from An apparatus, siiixiitir 
to that of M. Dalibard, with which he was experimenting. 

Oandlo, iil 1777, raised an electrio Idte repeatedly in the neighborhood of 
London, and obtained an enormous quaniity of electrici^; he found that the 
electricity frequently changed iis chancter, as the kite passed duoogh difierent 
aerial layers or strata, 

385. Perhaps the most ingenious mode of investigating the electric state of 
the upper legions, is by means of the apparatus used by MM. Becquerel 
and Ikesehet, on the great 8t Bsmard.* Thesis gentliemen placed onti end 
of a eofd covered with tinsel, abont ninefy yards in length, on the cap of an 
electrometer, and tying the other to an arrow, they projected it, with the aid 
of a bow, into the air, and they found tlint the gold leaves diverged in pmh 
portion as the anow ascended into the atmosphere. 
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386. The probable cause of the free electricity in the air has been referred 
to various sources; the phenomena of animal and vegetable life, as wel! as 
chemical action, have ]>een called in to explain its cri^m. Amonf,' uthers the 
evaporation of waier, and other fluids, constantly taking place on the cartii s 
sufftce, may eertainly be regaided as one of the sources of atmeqsheric elec< 
tricity. The evolution of electrioi^ hf evaporatkm, may be readily proved 
by placing on the cap of a goId4eaf electrometer a small metallic cup con* 
taining M'ater, in which some common salt has been dissolved. On dropping 
into it a j?ioce of hot cinder, the vapor will arise copiously and carry off posi- 
tive electricity, leaving the cup negatively electrified, with whic h p1o< tnciiy 
die gold-leaves will diverge. If water, containing a minuie portion of an 
add, be sabsdmted for the weak brine, Uie xeverse will occur, the 8old*leavai 
diveiging with positive electricity, the vapor being negatively eleotriflecL 

Hardly venturing to differ from so high an authority as Dx» Faraday OQ aay 
stibject connected with electrical science, I still cannot help expressing roy con- 
viction that the electricity evolved in these experiments is due reaUy to era- 

« Tkaiii ae rBestrieiK et da Magn^Uans^ t iv. p. UtK 
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poration, ai^ not to friction, aa I really regard this as a very distinct case from 
the copious disengagement of electricity in the hydro electric machine, and 
feel inclined to agree with Mr. Armstrong, in regarding evaporatioa of fluidf 
9£ one at least of the sources of the .electric!^ of the atmoi^phere. 

387. The doadai oooBiiting of iminense mawei of aqueous vapor, aio tole- 
iabl7 good conilucton of electric!^, aad oontequently, contain a considerablo 
quantity of the latter in a Ifcee itate. There can be but little doubC that a 
cloud consists of an aggre^tion of minute hollow vesicles of aqueous vapor 
filled with air. These when similarly electrified do not repel each other, 
and fly apart, imless they are quite beyond the inductive influence of the 
earth, or of any nearer body. Thu:i, a glass fealher fixed in one of the holes 
of the prime oonduonr of an electtio machine will appear animatwl, eveiy 
fibre mutually repelling each other. But if the hand, or a large brass faaU be 
held near it, then the fibres will fall together, lose their appearance of repul- 
sion, and bend towards the hand or ball under the induotiFei and oonsjoquently 
attractive influence exerted by them. 

388. Two clouds, being iu different electric states, act upon each other 
through the particles of the intervening dielectric, or air, like Ae inducing 
snrfhoiM or' metallic coatings of a charged jar, and when sufficiently near to 
saeh other, dmharge occurs, producing the vivid flash well-known as lightning^ 
generally accompanied by the loud reverberating sound of thunder. When, 
on the other hand, induction, and consequent charge takes place through the 
air, between an electrified cloud and the earth, an explosion or discharge en- 
8ue&) when the intervening particles of the dielectric are so arranged as to 
adndt of ita ooeurring ; producing a second, and much dreaded Ibrm of ligh^ 
ning. This mode of establishing an equilibrium between the oppositely elec- 
trified bodies, often ensues through the medium of the nearest most prominent 
conductor, which, if a tree, is oflen riven in sunder ; if a building, is frequently 
dashed in pieces; and if an animal, severely injured or even killed. 

389. Several instances have occurred of the fatal eflecu of a tempest having 
bson exerted aa animals at a considerable distance ftom the spot where the 
most seriolw resnlls have uiken place, and where the violence of the storm 
Appeared to have been chiefly exerted. This will readily admit of explana* 
tion, on the supposition of a lateral explosion or returning shock (376) having 
occurred. Thus, if ab be a large cloud, positively electrified, approaching at 
iu end, within striking distance of the church-steeple c, the extremity a 

Fig. 213. 




will, by its indootive action, decompose' the electridties present in any object 
at D, as a traveller Ibr example, repelling the positive to the earth, and leav- 
ing him in a negative slate. When a has approached sufficiently near to c, 
an explosion will occur, and electric equilibrium will ensue, b being thus 
left unelectrifled, no longer exerts a coercing force on tlie negative electricity 
in s^ which, attracting the positive electricity previously repelled by Ji, causes 
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it to rush with violence into d, producing discharge^ and a restoration of electric 
equilibrium, with such mechanioal force, however, as too oAeH to kUl the ao- 
fc rtmm te individnal situated at s.* 

390. SdeDoe, and mankind generottf, must ever temsiti debfiore to tbe in* 
gemiitjr of Br. Franklin, for proposing, at least, a partial protection against 
these dreaded effects of the teinpe«t, in the invention of tbe paratonnerres, or 
lightning rods. These consist of meiailic conductors, ol suificient thickneiJS, 
usually fixed against the sides of the building they are destined to protect, 
their upper extremities extending some feet above it, and terminating in a 
point, which is best constmeted of «ome metal not liable to oxydation. Tbo 
lower end is baiied in the earth, to the depdi of a few feet For ships, flexi* 
ble paratonnerres, composed of copper chain, or slips of that metal, are fixed 
to the masts, and reaching from their highest points to tlie outside of the keel 
of the vessel, so as to conduct the electricity harm les^ly to the water in which 
tlie vessel floats. Whatever form is used, one general precaution is oec^sury, 
fM aff and every portkm ofthgparaiomimt thoM he a$ perfectly eamHmtom m 
fOmMit for wherever a break or interruption ooeors^ the eleetrie flnid, in rush- 
ing from one portion to another, is liable to ptodnce the very danger which 
these instruments nre intpndpd to avert, 

!?91. To illustrate some of these positions, the thunder-house as it is termed, 
was invented by I>r. Franklin, ab is a piece of hard dry wcK>d, cut into the 
shape of the gable end of a house, with a brass rod, terminating iu a ball at 



c, fixed aginst its side, and terminating at B in a hook. At s this conductor 
is interrupted by a block of wood, fitting loosely into a cavity made to receive 
it, having a wire fixed across it; so that when r. is fitted in its place, as in 
the figure, the conductor CD is perlect j but when placed in the opposite di* 
reetion, as shown by the dotted line, the paiatonnerra en is intermpted in its 
oentre. 

EzF. (A.) Charge the jar f; connect its outside with the hook at the end 

of T>, nnd its knob with tlie jjolntcd wire supported on its i7}stflating stand H, 
and bearing on its apex tlio brass rod terniui:itiiii< in balls, and moving on 
it in any direction, as on a pivot Place the window £ in its place, so that 
the brass conductor may be continuous, and cause k to revolve, so that one of 
the balls terminating it may pass within half an inch of e. The jar wiU be 
discharged, and the window s remain unmoved. 

(B.) Repeat the last experiment, with the window s placed so that itswiie 
may be at right angles to the axis of the wire co. On discharging the jar as 

• See Traill Elementaire <le Pijysique, par M. L Abb6 Uauy, p. 434. Paris, 1»j6. 
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before (A) the eflfects of the explosion will be exerted on S| and will pioject 
it with violence from, liie cavity into which it fits, 

(C.) Let things be arranged as in Exjp. (B), but remoye the knob on c, and 
leave the pwaloniienre pointed. On ellowing K to levolve the jar will be 
mlnttijf diaoliaised. The electrie enrrant, doling tlije gradual diaoliaige the 
point, never acquiring sufficient tension to act energetically on altiioiigb it 
was displaced with violence when d terminated in a knob. 

(D.) The protecting iniluence of p>ointed conductors is more strikingly shown 
by the electrical toy, called the powder magazine, in which the interrupted 
poiiion .of the conductor r^>Q8es in a mass of gunpowder, placed in a wood^ 
nodal oT a liooee. If thft farbg <( ^M '* l^ w^ife'^ wfc*i»^ th<*Pi ^'i'f^ f >i*r '''f tg n"*™*<»» 
in a point, the poMrdar it imiUSrected ; but if a knob be screwed on, the dis* 
charge explodes the powder, and blows the model to pieces. In repeating 
this experiment, a piece of wet string shoiiht l>e uge<! to connect the jac ,witU 
itbe base ot the paratonnexre, for reasons already mentioneci (3G5 d). 

392. When lightniog stakes a sandy soil with sufficient force, it often pene- 
tiaiea iafliei|eptb<tf ieTfialj^at,fiHmlngthe gra?aliiuoaKirt of tube, known 
^1 a /ufgMtfdt, and in alnuft evaiy iniHiTiw Jim faeoa Ibiuid to tefaunato in a 
Jabterranean rec^rvoir of watw. 

The lambent lightning so common in the sultry autumnal evenings is unat- 
tended with the sound of explosion, and often appears in the most opposite 
regions of the sky. Tt lias been in many cjises traced to the restoration <rf' 
electric equilibrium disturbed by storms actually below tiie horizon. 

3dS. aim weltknowii tneteone appmianeca lo fieqpoot op the poiiiled 
masts of shipping, known as CSsslor and PoUiix, the Usa de St Elro of tli^ 
Fieaoli, and Elmsfeuer of the Gennani, appear to depend on the slow dis> 

fihar^e of atmospherie electricity by the pointed masts of the vesse]. 

The beautiful aurora torealis, so frequent in tlie nt-rth of Kurope, and of 
laie years not of unlrequent occurrence in the neighborhood of the metropolis, 
depe^s in all probability, on the passage of electricity through a highly rare* 
iiad medinm. Ficoai the oal<ni]atk>ns of Mr. Cavendish, it is probable &at ihe 
anxoia usually aiqpesis at an eleiratk>n of about seventy one English miles 
■hove the earth's surface; at which elevation the atmosphete must be of but 
TlffyyT density of that at the earth's 8ur^.e,a degree of rarefaction 

far above that afforded by our best air-pumps. As electricity is diffused in a 
quantity nearly jiroportu Joat(» io the elpvalioii above the earrh's surface, it ap- 
pears very probable, that under ikvorabie circumstance:), it would appear lu- 

ttinoos.to as, la tiie vast regions of laiefied ahr tevminating oar atmo^here, 
in a manner aas tog ons to that in whidi it appeals on an infinitely smaUer 
aoale in an air-pump vacuum. When the disoWge of a lafga jar is efiected 

through a long tube filled with rarefied air, it appears luminous, not in flashes, 
like the luminous aurora (340), but in a condensed form, like a ball of fire, 
falling through the tubes ; very closely imitating in appearance that of some 
other meteors, well known u:i JaiUng or thootmg start. 
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CHAPTER XV. 

BUeTUCITT SSCim BT CKBMieAX AOTIOF. (•ALTimMi OB TUiTAinc) 

Apparent excitminn of elfclririty by contact^ 394 — depending an chemical actu>ny 
395. CJmnicul ajjinily referable to electricity^ 396. Tabk of single bodvat^ 
397. Action of acid» on zinc and copper platesj 398. Cau$e of tAif action^ 
mokenht dumget^ 39 0 i i mfti «■ Mi CTo lM ^ fo ii of dMfrufty, 400. . E i wi i^iit i 
lcri,401. €knaraimg md conducting ffemarfi^ 407 — 409. Gctin of potcer by 
abmrrpHon of hfdrogeny 410. Excitation by two fluids^ 411. Prof, DanieW* 
arrangement^ 407. Electro-type^ 408. Excitation of ntrrents by one m^tal, 
409. Effecti of current* from n single pair, 410. Voltd^s pik^ 413 — win rf of 
ekdricity in, 414 — bcMeries, — 419. Frt^. Ohms formxdOj 420. Lunu- 
nou$ diseharge of battery^ 423 — transfer of pondmMt matUt i^ring, 424— «0> 
iorific effeeU of, 435 -refrigerating effecU of 426* ForilM ami fMfirfwf cnib 
0/ 6a//^, 429— tra/«r batteriei, 430. i>ry |nbt ^ Jk Imc mid Zlllliww, 
431. Frof Qn9^$ ga$ batttrff, 433. 

394. It lias been already mentioned, tluit two plates of glass, when pressed 
together, and suddenly separated, assume op[)osite electric states (310). The 
same thing occurs when two disks of different metals are similarly treated. 
To demoDstntte this, takd a plate bf copper end one of sino, about four inebos 
in diameter, each famished with a glass handle fixed in its centre ; connoet m 
goldfleaf electrometer with the plate a of the condenser (373), allowing b to 
be mnnected with the earth. Press the copper and zinc plates together, holtl- 
iriL^ them by iheir insulating handles; suddenly separate and apply one of 
them to die plate a of the condenser ; again press them together, having jire- 
Tiously touched them with tlie finger to lesioie their electric equilibrium, and 
reapply the same plate to the condoetor. Repeat thii about six times, tb«i 
draw back the unintulated plate d, and the gold leaves of the etectrometef 
will diverge with positive electricity if the zinC| and with ntgolmi if tbo OOf^ 
per plate has be<^n applied to the conclrusor. 

395. The development of free posiiive in the zinc, and of free negative 
electrici^ m the copper plate, was attribtited by the Uiustriuus discoverer of 

the ftct, Pio£ Yblia of RiTla, lo a peouiiar etooMiiotive Ibioe, mideff Wkiefa, 
metala, hy simple contact, tend to assume opposite eleettio siateSk This th^ 

ory lias now but few supporters, in consequence of the mass of evidcooo dutt 

has been opposed to it by Fabroni, De la Rive, and our illustrious cotmtryman, 
Faraday, to whom we are so largely indebted in this branch of science. Thrsp 
philosophers have very satisfactorily proved, that whenever electricity is de- 
veloped during metallic contact, it is owing to sonic chemical action under- 
gone by the most leadily oxidiadde metal So rigorously has this been da- 
monstialed, that it may be stated as a geneml law, that m ihrnkaH action oe> 
cun^ iotaeampanied by ditturbanee of ekdrie ogwHbriwnt and co t t u qa m t devthp* 
ment of free electricity, altliough it is fully possible for such to occur without 
our being able to detect it, for unless the electricity evolved is in sufficient 
quantity to circulate as a current, or of sufficient leiisiion to be collected by a 
condensing plate and act on the leaves of an electrometer, it may esca|)« the 
OTidence of our senses: 
306. In eveiy dhemical oombinalioii, whether saline, haloid, or of still moie 
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complex natnie, tfaa ibm ty which the elements, both pnndiiiate and iddniftta, 

are held together, appear to bear a close relation to their electric itate, and 

their sepnrntinn is generally acoompanied by the evolution of a carrent of 
electricity of low tension. So general is ibis fact, that the discoveries of 
I>r. Faraday have certainly very closely pointed out the probability of chemi- 
cal affinity being aAer all hot a modifioBtion of electric attiaction; an opinioa 
previously' adopted, with some limitatioD, by Dbtj, Benelins, and odiers no 
leas deservedly celebrated in this branch of experimental science. 

Among the ultimate elements with which chemistry has made ns acquaint* 
or!, there are tv. pnry-two which are characterized by their electro-negaliVS^ 
and thirty-two by their electro-positive state in relation to each other. 



Oxygen 

Hydrogen 

Nitrogen 

Sulphur 

Phospboms 

Chlorine 

Bromine 

Iodine 



L ELECTRO-ITKaATITX. 

Fin or? no 
Carbon 
, Boron 
Silicon 
Selenium 
Aisenio 
Chrome 
Molybdenum 



Tungsten 

Antimony 

Tellurium 

Titemium 

Ttoiatium 

Yanadtam. 



Gold 
Pladnum 

Iridium 

Osmium 

Palladium 

Rhodium 

Silver 

Afeieuiy 

Copper 

Uranium 

Bumuth 



II. Elbctbo-xositits. 

Tin 

Lead 

Cadmium 

Zinc 

Nickel 

Cobalt 

Iron 

Manganese 

Lantaniom 

Cerium 
Zirconium 



Yttrium 

Glucinium 

Aluminium 

Magnesium 

Calcium 

Strontmm 

Bsfium 

lathium 

Sodium 

Potassium* 



These substances are, it must be remembered, negative or positive onlj in 
M^tkm to each other, and their mutual chemical affinities appear to be in the 
ratio of the intensity of die difibience of their comparative electric states. 
Thos potassium has the greatest affinity for oxygen of any other substance in 

nature, and, accordingly we find xhnt, whilst the former is in its ajmblrmtions 
powerlully positive, the latter is as energetically negative. In the list ol ne- 
gative botiies every element is to be regarded as negative to all below, and 
positive to all above it in the list: thus hydrogen is negstiTe with tegBod to 
nitrogen, but positive with regard to oiyBen. A similar observation appliea 
to (he list of electro>positive elements. 

397. Let a piece of zinc be amalgamated by immersing it in a little dilute 
stdphunc acid, and rubbing a few globules of mercury over it with a piece of 
cork. Fill a glass with a mixture of one part hydrochloric acid and six of 
water, and place the amaigumated ziac in it. The brilliant surtaoe of the 
zinc ahnost immediately assumes a grayish tint from its becoming eovered 
with myriads of exoessirely minute bubbles of gas. These consist of hydro- 
gen, ariang ftom the deoomposition of the acid, its chlorine uniting with the 
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zinc, find Che hydrogen for vvliic h the metal has no affinity, mechanically ad- 
lierf s to its surface, and thus by a gaseous covering shields it from the further 
acuuu ui tij,e acid. Then immerse in the fluid a rod of any metal tmniing 
•hove BQe to tfae M (396), as a piece of copper or lilyer; no obvioiis actkn 
will ooear wAil tonefaes the surface of ^ sinc^ when in an instant a torrent 
of bubblof of ga0 is evolved from the copper, as though it were undergoing 
solution, no evolution of gas (rom the zinc talking place. The ropper, how- 
ever, remains cheinically unacted upon, and tlie zinc is alone dissolved, and 
cousequeutiy mere chemistry is incapable of uiibrding a satisfactory solution 
to the Qorious phenomena just describe^* Fioni die fiiots already staled, va 
iee that tha copper and sine, being placed in contact, aseimieoppoaitaalectiia 
states, from the chemical aotioii of the fluid on the most ozidimble metal 

398. The origin of the action itself must be referred to an exalted attrac- 
tion of the zinc for the chlorine, which becomes ut last so intense as to enable 
it to take tiie latter from the hydrogen with which it was previously com- 
bined. Bat the hydrogen is evolved at. a distaui part of the Hiud, viz. bom 
the sufiioa of the copper, whldi may be even several feet from tbe sine plate, 
and the intennediale portion of flnldandevgoee no visible dbange of any kind 
during this transfer of hydrogen from the zinc to the copper plate. This is 
explained by the fact that at the moment the atom of hydrochloric acid is 
decomposed at the zinc surface, and the chlorine combined with the latter, a 
current of positive electricity leaves the zinc, and by a kind of conveetive 
Ibloe carries with it the atom of hydrogen which was deserted by the chlu> 
rine. This atom, instead pf being itself carried onwards, decomposes the 
first atom of bydioehlorio add in its path, uniting with the chlorine ; this 
second i^om of hydrogen still urged onwardis by the convective fon» of the 
current in its tnrn seizes the chlorine of another atom of hydroehloric acid, 
causing its hydrogen to be evolved, and this action contmues until the electric 
current reaches the copper plate, where it leaver the last atom of hydrogeu, 
which, becoming passive, is here set free. As these changes occur instanta* 
neoosly and invisibly, they altogether escape detection by our senses. The 
following diagram, in which c is the copper plate^ m the sine one, connected 
by a wire d ; a and cA, respectively represent the atom of hydrogen, and 
chlorine, will perhaps render these changes more intel I i edible j theancow abow* 
ing .the direction of the positive current through the Huid. 



Fig.21S. 




As no one electric element can be set free without tlie other with which 
it was comUned being set in motion ^ so whilst a current of ixtsitive iiuid 
passes ficom the adne to the copper thn^qgh the liquid, and thenoe back to the 
zinc tfanMigh their points of contact, a negative current is always passing m 

.the opposite direction, or from the copper to the zinc. 

399. The metals employed need not be in actual contact in the f\uu], for if 

connected by a conductor out of the fluidi the eflecti abov,e described 
place. 



« 
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This oondncslor iiMf be a wiie, or be oonsti* 
toted by the ptateB tbenuelvefl, by so inclining Hg. 216. 

them that they may lean against each other, as in 
the marginal fl^re, where c is the copper an«1 x •« — -r^ ^ 

the zinc plate; the dfittc 1 arrows representing 
the direction of the negalic€f and the entire ones 
that of the posiUm eorrent 

That such cuTients do really exist will pre* 
sently be shown to be beyond a doubt Ab a 
tolerably satisfactory proof, however, the well- 
known calorific effects of electricity may be ob- 
served by separating the plates C2 al the upper 
part, and connecting them by a piece of very fine 
platina wire, half an inch in length. ThiSi if the 
plates be about fimr inches long and two broad, 
will become brilliantly ignited, from the electrie 
discharge takint^ place through it, as long 88 
chemical action continues. In repeating these experiments, ordinnry n 'lfecf 
zinc may bo substituted for the amalgamated metal, but the phenomena d&- 
scribed will be masked by chemical action ensuing at the zinc surface. 

400. The electricity thus eTOlved, although wedt in intensity, is oonsidem- 
ble in quantity; and for many important experiments a pair of zine and oop* 
per plates, excited by dilute sulphuric acid, constitute a valuable source of elec- 
tricity. These electromotors, as they are termed, are readily made by placing 
a piece of sheet copper, a foot long, and six inches wide, having a copper 
wire for a conductor soldered to it, in the inside of au earthen jar; a piece of 
sheet zinc, nine inches long and aix wide^ fimiished widi a similar conductor, 
is lolled into a eylindrical fbnn amalgamated (397). and covered boselj wilb 
a ibid of linen, id that when placed in the jar, metallic contact betv(reen it and 
the copper may be prevented. The jnr being nearly filled with dilute sul- 
phuric acid, the plates are immersed and the current of electricity evolved^ 
directed by T)ie conducting wires to any point the operator pleases. 

401. lu aii cases in which electricity is evolved by the chemical action of 
a fluid on one of two metals in metalBe contact and exposed to its influences 
it is neeeasary, as already slated, tluit one of the metals dionld be more ozidi^ 
zable than the other, or, in other words, more positive in its electric relations. 
\Vn rrtny thus convenientl}' ?eparntp the metallic elements of a vnltnic circle 
into a generating plate and a conducting plate. The former being alone active 
in determining the evolution of electricity, the latter acting chiefly as a surface 
on which the convective positive current may discbarge itseIC Unless the 
fluid in which the metals are immeised is decomposable bf an electric current, 
it has not die power of exciting one; henoe it must be a compound, consisting 
of at least two elements. Thus, water acidulated by any of the mineral acids, 
or in which an alkaline «nlt ie? di«;«n)vfd,is powerfully aotiTe in these circum* 
stances in evolving an el trio current. 

A second zinc plate can never act as a conducting plate, because it will 
itself tend to genemte a cnnent whidi will oppose the first in direetioo. Ii; 
lioweTer, a perfectly smooth phite of tolled zino be used as a conducting plate 
to one of rough cast zinc, as a generating plate, a weak current will be evolved. 

402. If, instead of immersing the zinc and copper plates in dilute acid 
they bfid Ix^en plnrec? in wnter only, chemical action and evolution of 

electricity would have ensuf d, l>nt w ith much less enei^y: the electricity be- 
ing evolved in very small quaniiiy, in consequence of the very low intensity 
of the ^emieal actkm of water on the zino. In a solution of common sate, 
the eflhctt aie mora obvkms, the chloride of sodium being decomposed and 
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chloride of 7\nc formed — the chlorine being the negative and sodium the po- 
sitive elements (390) ; and electricity is evolved from the det^mpos-iuon of 
the salt in the same maimer as it wu:s from that of the water by hydrochloric 
acid (397). 

The qaantitf of etootiicitj ewlved, increasea with the turface exposed to 
the ohenuoal aetioii of the fluid in which it ia immeraed ; and hence gigantie 

plates have been constructed for the purpose of obtaining an immense quan- 
tity of electricity. Mr, Pepys had an electroraotx)r made for the London Imtti- 
tution, consisting of a copper and zinc plate, each fUly feet long and two wide, 
rolled into a coil, with horse-hair ropes between them to prevent their touch* 
ing each other. About fifty gal tons of dilute acid wove leqniied to act opon 
these plates, and the torrent of electricity evolved was truly ixmnense. 

403. Bering in mind, that the excitation of electricity bears a direct rela- 
tion to the amount of chemical action crcrtcd on the most positive metal em- 
ployed, and increases with the extent of surface acted upon ; vve arc capable 
of increasing the evolution of electricity to a considerable amount by a proper 
arrangement of appofatita. jit ia fimnd fidom eitrerimeiit dial a oonaidendjto 
advantage if gained hy oauaing theoondnetuig or negative element to mmrommi 
the generating or poaitive, ao as to present a aotfiioe opposed to both sides of 
the latter, a fact depending in all probability upon the greater extent of the 
<x>nductLng surface ensuring the whole of the evolvct! electricity a??;\in iing the 
form of a current. For it is fully possible for an enormous quaiiuty of electri- 
city to be exciLed, and yet but little appear iii the form of a cuireut, either 

IhNn exoeaaiva loeal aiation or a bad arrangement of apparatoa. On tfaia ae- 
ootint, in all welUxmstnictod electromolora, the cine or exciting element it 

placed in the centre with regard to die copper. 

It has been stated that an increase in the quantityof the evolved e^ectricitf 
ensues when either the zinc or copper exc^d each other in size, and that the 
quantityof excited electricity is a minimum when the metals expose an equal 
extent of surface. If the zinc plate be the largest, the maximum efiect ia aaid 
to he obtained when it ia aeven times larger than the copper ; and if die latter 
be the largeaC plate^ that the maadmimi evolution of electricity ooeors when 
it is sixteen timea laiger than the zinc plate. In the former case the quantity 
of electricity is three, and in the latter four and a half times greater than 
when the plates of copper and zinc are of equal si/.e. Prof D;mieil has 
however shown, that if the diameter ol the mean section of the active fluid 
reittaina the wne^ and all Interfeflng oanaea fimn depoaition on die condoc^ 
ing plate be removed, it mattera hot little^ ao Ihr aa the reanlting corrent ia 
ooncerned, whether the generating or conducting element is the largest 

404. A convenient and certainly powerful arrangement has been proposed 
by Mr, Snjee, consisting of iwo plates of amnl^'amated (397) zinc, zz, clamped 

to a piece of wood b by means of a bent piece of brass c, and 
furnished with a binding screw at 4. Between die plates of 
ginc ia fixed a ihin plate of ailver oonneeted at ita upper en^ 
with another binding screw. Thia plate of silver is covered 
with a dun layer of platinum, by immersing it for a short time 
in a solution of chloride of platinnm whilst connected with the 
n(>;^;aive end (390) of a voltaic battery. The platjauin is de- 
pobiied on tlie plate in the form of a fine powder, and from 
the myriads of conducting points thus found by the inconceiva- 
bly minute parddea of reduced metal, the evolution of the by> 
diogen gaa ia greatly facilitated. An arrangement of thia kindi 
placed in a pint jar of dilute sulphuric acid, becomes an excel* 
lent and efficient aource of electridty, eapecially available for eleotro^m^pMic 
yesearohes. 



Fig. 217. 
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405. In the arrangements ofapparatus above described, a considerable loss 
of eleetriciljr occurs during the evolution of the hydrogen. To prevent this, 
oertam means have been had reoouTse to^ Ibr the purpose of absorbing the 
hydrogen hy employing it to reduce metallic oxides, or by combining with tfie 
oxygeri of any highly oxidized fluid, as nitric acid. If the plates of zinc an^ 
copper, instead of being acted upon by a dilute acid, be immersed in a solution 
of sulphate of copper, chemical decomposition and consequent evolution of 
elecuicity will occur. No gas is in this case evolved, as the sulphate of cop- 
per is alone decxmipoeed; die sulphurie add atid oxygen acting on the zinc 
ibnniiig the sulphate of mat metal, which is dissolved by die water; the cop- 
per being deposited, in a metallic state, on the surface of the copper plate 
used. Thus the battery or electromotor may be advantageously fflt ffi tftd with 
a solution of sulphate of copper, instead of dilute acid. 

406. In all these arrangements, both plates are immersed in the same ex- 
citing fluid ; but cOnsidendde advantage ie gained by employing two different 
fluids. This mode is Ibonded on Ihcto hmg known, but flrst applied to the 
eonitroctSon of electromotors by Professor Baniell.* The theoretical action of 
these arrangements is readily explicable : let a be a 
vessel filled with a solution of common salt (chloride 
of sotlium) ; B a tube immersed therein, furnished 
at its lower part with a diaphragm formed of a piece 
Of bladder, and filled with A solution of sulphate of 
copper; A plate of oopptt e, oonneeted with one of 
zinc s, by die wire b» are immersed in the two fluids. 
The generating or positive element z decomposes 
the chloride of sodium, uniting with the negative 
chlorine, forming chloride of zinc, and repelling the 
positive sodiutti, which passes through the bladder 
dfs^hragm nfider flie oontectiTe inflhienoe of flie 
excited entrent, to reach the negative plate t ; here 
it enters the solution of sulphate of coppelr, which it 
decomposes, uniting with the sulphuric acid and 
oxygen to form sulphate of soda, and setting free copper, donfafning free posi- 
tive electricity, which is given up to the plate c, and passing along the wire 
> Id ir decompositton goes on as belbie : the atoms of sodiimi and copper first 
M fim, axe not those whii^ are nltimatel/ active in eflbcting decomposilion» 
or in bein^ deposited on the conducting plate ; the same series of molecular 
changes occur as in the case of the dax>mposition of hydrochloric acid already 
described (398). In this apparatus, after the current has continued passing 
for a suflRcient time, we shall find the fluid in a converted partly into chloride 
of sine, and that in b into sulphate of sodaj whilst the beautiful crystals of 
copper deposited on c, will be finmd to bear that relation to dbe quantity of 
zinc dissolved to form the chloride, whidi the atomie weight of copper does 
to that of zinc. If the wire d were cut across in die middle, chemio^ decom- 
position and evolution of electricity would cease, until they were united by 
being placed in contact, or connected by means of a good conductor, 

4U7. As in this apparatus (406) the inductive action of the two plates on 
esdi other is limited by the area of the base of the tobe B, thrau^ which 
alone a current can pass from ifae generating to the conducting plato thnmgh 
the fluid, the evolution of electricity will be increased by replacing the tuba 
■ by a bag or reservoir of animal membrane, as bladder; and this constitutes 
a form of apparatus frequently employed. A piece of slieet copper is rolled 
int^a cylindiic form, and placed in a bladder fastened round its upper part 
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hf » |am of suing; the wlK)le bding placed Ui a jar, aoo* 
tainiog a ooncentrio oylindric roll of sheet zinc; a metallio 

wire, or conductor, is soldcre l to eacli plate. A solution 
of sulphate of copper is poured into tlit- l iladdt r, nnfl one of 
ootnmon salt| or sulphate of soda, is placed iu the jar, exte- 
rior to the bladder, ao as to act upon the zinc platan 

The inooorenienoe of this arrangement arises fiooi the 
tine being placed on tlie outside of the oopperi wfaloh ne- 
cessarily produces, as Professor Daniel! has shown, a certain 
lofy* of power;* accordingly, the arrangement n«ed by that 
gentleman consists of a ryliiuler of amalgamated zinc, z, 
placed in the centre oi a hollow cylinder of copper, c ; the 
former being sumMinded by a tube of oz^guUet, or, wbat 
answers the purpose ezceedingly weD, a cylindric bog of 
compact sail-cloth, pre^kmsly soaked in water. The ezeit* 
in^ fhnd acting on the zinc, is a mixture of one part sul- 
phuric arid and eight of water, the ccn^per cylinder bein<^ 
filled with the saiuo mixture saturated with sulphate of cop- 
per. On connecting the two plates, by means of a wire, 
the sine plate deoonapoees the water, its hydrogen infiueooed by the oonveo- 
five fime of the positive current passes through the membranous beg, towards 
the copper plate, where it is not evolved, but aids the decomposition of the 
sulphate* of copper; uniting with the oxyjren of the oxide to form water, and 
setting ut'Q the copper to be deposited lu beautiful ciystals, on the sur&ce of 
the copper element. 

408. The copper deposited in iheae azparimaats upon the negatiTe plataia 
fimnd, if the eieotrie action be not too intense, to be oooipact, firm, and even 
malleable ; and on separating it ftom the surface on which it has been dfr> 
posited, it will be fonnd to pre^nt a perfect fiic-siroile of every mark and 
su-ratch existing on tl;e surface of the negative plate. This has led to the dis- 
, ry of the beautiful art of electro-typing, by wiiich exact copies of almost 
anything whose surface is capable of being rMidered a tolerable conductor, 
may be made in copper. Jdany contriiranoes haTo been made Ibr the pur- 
poses of facilitating the depositioa of copper from ite solutions, and will be 
Ibnod described in the numerous popular treatises on the subjectf The 
•aJmpl<~«'t apparatus oonsisti? of an earthen or varnished wooden vessel, ab, 
dividr l vertically by means of a porous din]>hra^m, c, of wood or earthen- 
ware, thus iurming two cellsj one of these, is tiiied with a very weak, 
flolutton of common salt, the other, b, with a solution of sulphate of copper. 
In the geneiating oeil, a, is immersed a plate of zinc, s, con n ected by a win 

with the medal, &a, to be copied, which is placed in 
a. This medal should be covered! with a resinous 
varnish or some non-conductor, except on the surface 
to be copied. An electric current is soon set up, and 
both solutions are decomposed (406), metallic copper 
being depoeited flreely on the Aoe of the medal; and 
when the deposit has attained sufficient thickness, it 
will, if adroitly removed from the surface of the metal, 
present a most aeeumte and'beautiful copy of the ori- 
ginal. It is scarcely lu c essary to say that fresh crystals 
of sulphate of copper should be dropped into the ceil 
a, it) proportioD as the fluid loses its color by depositing its copper, 

♦ Philosophical Transactions, 1838^ p. 41, et seq. m.- 
t See Eleotrotype ManipaMoMi l>y C. V. Walker 
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In this nmaaaeif bgr oateflil mnipulation, moit aoeorate copies of «iignif«d 

copper plat^»s can be rearfiTy made, and those bcauliful products of art be 
multiplied to an almost unlimited extent. Even the inconceivablo delicate 
tracings of Daguerre's exquisite pictures can be ropn d !)y the electro-type. 
Where the object to be copied is not metalUc, it may be reiuiered a sufficiently 
good eondnolDr bfoovering it with a thia iigrerof finely powdered plumb^, 
and thus casts made of wax or sulphnr can be teadily copied in copper. 

409. By far the most enei^etic voltaic anani^einent in which the hydrogen 
is absorbed is that proposed by Mr. Grove. Various constnictions of this ex- 
cellent contri^Tince are met with. They consist essentially of a slip of plati- 
ntmvfoii p, iuruished with a conducting wire a, immexsed in a cylinder of 
poBQiie eaidMBwaie, c, filled with strong nitric acid (sp. gr. i. 33). This 
cgrlinder is snnoonded by a loll of amalgamated zinc, 

baTing a oondocting wiie s soldeted to it, and placed 
*in an cnrthpn or ij!a??g jnr B, containing dilute sul- 
phuric a i l, (1 acid to 8 water.) The bydroi^en 
separatee i when iz are connectecl from the decom- 
posed water, not evolved as gas, but combines with 
some of the oiygen of the nitric acid, fedudng it to 
demooBaie of nittogen, which partly dissolve^ in the 
acid, giTtng it a ^wen or blue color, some esoapiDg, 
forming red fumes from combining with oxygen of 
the air to i'ovm nitrous-acid. According to Jacobi, 
with equai surfaces of platinum and copper, tlie ap- 
paratus of Mr. Grove is about seventeen times more 
powetfol as a sooioe ef electricity than that of ProC BanieU (407). With a 
nitrio acid battery capable of being contained in a two*oimoe jar, fine platinnm 
wire may be brilliantly ignited. 

The excellence of Mr. Grove's arrangen^ent is owing, not only to the ab- 
sorption ot hydrogen, but io the excellent cruuluctiug nature of the fluid era- 
ployed, and to the remarkable iaciiity with, wiiich nitric acid undergoes de- 
composition. 

410. The expense of platinum is a serious drawback to the lue of these 
anangements; to obviate this, Prof. Bunsen has proposed substituting cylin* 
ders or plates of carbon for the platinum. He made these, by strongly and 

repentedly heating a mixture of pulverized coals and coke, and thus obtained 
a poroui* mass capable of being easily worked into any required form. These 
carbon batteries are said to be equally powerful with those of platinum. X 
find they may be coostnieted fiom the best black-lead cruci- 
bles after strongly igniting them for a short time. For this 
p urpose a cylindjer of amalgamated zinc, z, is placed in a 
porous cylinder containing dilute sulphuric acid, and im- 
mersed in the crucible c filled with nitric acid; n wire 
coiled tij^htly round acting as a conductor. Siu h an arrange- 
ment, although powerful, is, however, certainly far mlerior 
10 Mr, Grove's apparatus, probably on aooount of the earthy 
uattsr whksh is always present in these cruoifales rende ri ng 
them imperfect eondudq^. 

411. It is by no means necessary to use two different 

metals to obtain an electric current ; for if but one be used whose surface is 
so consututed a,s to he unequally acted upon by the fluid in, which it is im- 
mersed, electricity wiii be evolved: the portion of the metal most acted upon 
becoming ihe positiye element Thus, as we haye already seen, a plate of 
rolled, and one of cast zino, oonstitnle an elSfoctiTe voltaic anangement (401) : 
as does also a pUtte of new dean zinc, with one which has been previously 
19 
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60fNidod sn wcStim A jmbw snd wl oonodsd plBto of copper sded upon 1^ 
nitric acid, also evolTPS electricity. 

411. If but one metal of equal surface be used, no electricity will be evolved, 
unless acted upon by fluids cxerring different chemical actions upon it. Tbus, 
a plate of smooth iron acted on, oti one side by dilute sulphuric acid, and on 
tlie other by water, sulphate of < opper, &&, constitutes an effective arrangement. 

Let a plate of copper, ab, be plioed Uk a 0Bm yaaeel, 
and a ncntated totntkm of satphate of copper ponied 
in up to die line en, so that about one>third of the 
plate may be immersed. On the surface of this 
fluid slowly pour some very dilute sulphuric cu:id, or 
Weak salt and water; taking care that the fluids do 
not mix. Under these circumstances the upper part 
of the phte, will be dowly acted upon by the 
sulphuiio aoid ; the lower end a becoming the nega* 
tive element, decomposition of the sulphate of copper 
slowly takes place, and the metal becomes deposited 
in a crystal ine form, on that part of the copper plate 
which is immersed in the sulphate of copper. 

413. If the condootipg wires belonging to a single paur of platea be ihmiehed 
with plalina tarroinatioDSi and inatead of bafaig meialUoally coonectod, be im* 
in the fame aolntioa aa the plates themselves, no current will pas& 

The electricity excited in the cell a, will not be 
able to pass from p to p in the cell a, because the 
current is too weak to overcome the alfmities of 
the elements of the liquid in b for each other, and 
It oannoc tmTeraa the fluid aa^a hf eflacting 
molecalaT changes in the elements of die com- 
pound pfesent. We may, however, induce the 
current to pass, either by replacing the fluid in b 
by one which is more readily decomposable, or 
by calling in the aid of the aflinity of the positive 
conducting M'ire for one of the elements of the 
liquid in a. 

To illustrate the first case, let a and a be both filled widi dihila anlphuric 
sId, and the current will not pass through b. Replace the contents of b by 
a solution of iodide of potassium, a salt of ready decomposition ; the current 
will now readily pass, decomposiug the iodide, evolving the iodine at surface 
of the platina plate connected with the copper in a, and if a little starch be 
added to a, tiie evohition of the iodine will laadlly be datadadlvy die lbrma» 
tion of a splendid bine pfedpittrte of iodide of aniidine. 

The second case maybe illustrated by filKngA and a with dilute sulphnria 
acid, and letting the conducting wires be of copper, with their naked termi- 
nations immersed in b. The current will now pass, and bubbles of hydro- 
gen gas will be evolved at the end of the wire connected with the plate z. 
Here, although the current per m could not effect a separation between the 
elements of the water in b, yet when aided bf die a£Bai^ of the copper com* 
posing the positive conducting wire tot oxygra, it snooeeded in deoompoaing 
water and traveniog dia fluid. 

413. In all these various modes, we are enabled to cause the evolution of 
electricity in considerable quantities, but in a state of extremely low tension. 
To Prof. Volta of Pavia, we are indebted for the tlisoovery of a mode of in- 
creasing its tensile State, and by the contrivance of his magic pile, putting into 
the hands of philosophers an instrument of analysis and investigatioii» inflnitely 
eioeediqg^ in its wondatflil affbcts^anyof tbameaniof espaiinental maaiah 
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before discovered. Omitdog the earlier experimentB of Vollp, or tlie mode d 

reasoning by which lie was led to this discovery, as out of place in a work of 
this tlescription. it will be sufficient to observe that, by combining the action 
of several pairs of plates, an infinite increase of tension and power is gained. 

To understand the construction of the voltaic pile, place a plate of copper, 

on the tables and on this one of zioe, z, A piece of 
thick flannel r, moislened^vith a dilute add, brine, or 
even water, is placed on the zinc; a plate of copper on 
this, and so on; copper, zinc, wet flannel — copper, zinc, 
&c., until any number of alternations are used. Place 
the whole pile on an insulated stand, and connect the 
lower plate c with the condenser (373), connected with 
an electromotor ; the gold leaves will diverge with ne- 
gative ^ectridiy. Then connect the upper plate % widi 
the condenser, and the leaves will diverge with positive 
electricity. In an insulated pile of any number of alterna- 
tions the electric tension of each kind of electricity is ob- 
served to increase irora the centre to the extremities. 

414. If a pile or battery be constructed like the one 

originally contrived hy Yolta, providing there are at least thirty alternations^ 
and any person touching the top and bottom of it at the same instant with hie 
moistened hands, the electricity accumnlated at each end of the pile will dis* 
cliarge itself through his arms, producing an ekdric shock. If a piece of well- 
burnt charcoal be placed upon the uppermost plate of the pile, and a wire 
communicating with the lowest be brought in contact with it, a series of faint 
sparks will become visible on drafidng it over its surface. 

415. The souioe of the electricity in the pile is easily traced to chemical 
action; for in the bwest pair of plates in the last figure, the zinc is attadted 
by the fluid in the wet flannel, electric equilibrium is destroyed, the negative 
fluid escaping by the copper plate c to the earth, the positive being retained 
in the zinc. In the second couple, the negative electricity expelled by the 
cheaiical action on the second zinc plate, passes to the first zinc, and restores 
its electric equilibrium by combining with the positive fluid adkmng to it; 
and these series of actions are repeated to the top of the pile. No greater 
qtMntktf ^ eleclridty being obtained from a pile^ than from a eingU pair of platte 
t/8 teifieion alone being increased^ as the chemical action and disturbance of elec* 
trie equilibrium, in the intermediate plates of the pile or battery, are exerted 
only in urging on the currents to the terminal plates; thus, as it were, increas- 
ing the momentum of the electricity evolved. The following facts will place 
the efliMSts of the combinations of voltaic elements in a clearer light 

. If the conducting wires of a single pair (412) terminate in zinc and copper 
plates, the current either traverses or refuses to pass, according to their posi- 
tion. Thus, in the cells ▲ a, (fig. 226,} flUed with a dilute acid, the zinc and 
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copper plates aM mataally oomeated ; liere t!ie euirent ezdted by the actiott 
of the aoid in a on z is opposed in direction to lliat similarly excited in b. 
The consequence is, that they mutuwlly interfere, and no circulating force is 
developed. If, instead of allowing the currents in a and b to oppose each 
other, we cause them to pass in the same direction, (fig. 227,) we greatly in- 
crease'the tension of the evolved electricity, and enable it to OYaroome a mnch 
greater exteinal reiiiiaiiea. Thin, in themaiginBl figme Hiooiiirents in a and 
B travel in die oune diiection, and as it were urge on each other, so that 
their eoinbined influence they ean .txa-rene a fluid wliich would innilata the 
oorrent of ▲ or b separately. 

410. The power of the voltaic pile decreases, and finally ceases, with the 
neutralizalion and evaporation of the fluid moistening the piece of flannel, 
and with the oxidation of the plates. These oonstitnte aouioes of con a kte ia * 

ble inconTenienoe in experimental inveatigationa; 
to diminish which, various means have been pro* 
posed, as by fixing the pairs of zinc and copp)eT in 
a trough of wood, and replacing the wet flannel by 
fluids ])Oured into the cells thus formed: constituting 
Cruikshank's arrangement This is very conve- 
nient, especially when a solntion of solphaie of oop> 
X per is used fbr die e»»ting flnld; which, as IN-. 
Fyfe has shown, increases the electro chemical in- 
-tensity of the electric current as compared with that evolved by dilute sul- 
phuric acid, in the proportion of seventy-two to sixteen. 

A great improvement in the construction of these batteries was eflecteJ by 
Dr. Wilkinson, who fixed the zinc and copper plates to a wooden beam, and 
immoned tfiem when required ibr use in an earthenware tiong^, ihinished 
with partitions of the same suhstsnce, and filled with the exciting fluid. This 
Biiangement is rendered still more cvflTective' by causing each zinc plate to be 
completely surrounded by the copper plate of the next pair, as suggested by 
Dr. Wollaston, 

Dr. Faraday has proposed an excellent' arrangement,* in which the metals 
are btou|^ as ehMO to each other as possible, the alternate sine and copper 
plates being separated, not by partitions of earthenware, but by pieces of slont 

aartridge j)aper or card. 

417. A series of pairs constructed on Professor Daniell's principle (407), 
affords a most valuable source of electricity of tension, and has, moreover, the 
advantage of being constant in its action for several hours; whereas, the others 
above mentioned, although very energetic ou the first immersion of the plates^ 

Fig. 229. 
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become rapidly weakened by the oontiiiiiRl aotkm of the fluid employed, «a 
eflaet but pwrtially prevented hy umalgiinaling die zinc platee (397). Ten 
paiis on PlolesMfr ])aniell's arraneement, tbe zino ogrlindar of one being con- 
nected to the copper of tbe next, and so on, conatitnte a most valuable and 

powerful voltaic battery. 

418. A very efficient arrangement is made by connect in in a similar man- 
ner, a dozen pairs of zinc and copper cylinders, separated by iiieaas oi blad- 
der diaphragm?, the sine being aeted on by oommon salt, wad the copper by 
snlpbftte of oopper ; llik has the advantage of dMapnese, and of being readily 

Fig. 230. 




constructed. Tbe zinc and copper plates are most conveniently connected 
by copper wires, fixed by a binding screw soldered to eacli plate, and con- 
ducting wires ean be readily fixed to the stsews of the terminal plates* 

419. As bladders and other membranous diaphragms have die disadvantage 
of becoming rapidly corroded, and pierced, by the action of the exciting flaids, 
HtuI of becoming: torn by the sharp edges of the crystals of metallic copper 
(lojKJsited on tbe copper plate; various attempts have been made to substitute 
for them cylindric vessels of porous earth. Vessels of this kind have been 
Used by Professor Baniell, and are now made sufficiently thin to prevent dieir 
opposing much obstnielion to the transit of the electric current, so that their 
use has become extremely general. As already stated, bags of firm sail^clotb 
well sewn, form most exoellent diaphragms, and withstand Ibr a long time 
the action of acids. 

420. The most powerful battery is made by an alternate series on Mr, 
Grove a arrangement (4U'J). Six sets of these, each having a piatina plate 
three inches square, planed in thin rectangular oells of porous porcelain,* so as 
to bring them as near tbe zinc as possible, constitutes a most powerful and 
efficient arrangement The largest hitherto constmcted is tliat made by 
Prof Jacobi of St. Petcrsburgh; it contains piatina plates, each having a su- 
perficies of 36 square inches. Even with very small plates, a powerful bat- 
tery may be made with very little expense. For this purpose procure the 
bowls of six tobacco pipes, and stop up the holes left bybreakingoff the pipes 
with sealing*ivax. Place on the table six small glass tumblers, each an inch 
bigh, like thoee used by children as tpys,«place in each a cylinder of amai- 

Fig. 334. 
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gamatetJ ziacj let a pipe^bowl rest in each, and place ia every one a slip of 
Udn ptatiMim foil li inoh Umg and half ua iabh widoi ooDiiaetad to tbe sine 
ofliiider by plstimiiB wire ; fill the pipetewb Willi nitric aeid and the tum- 
blen with dilnie aalphnric acid, and an aoeigetie cturrent of electricity will be 
set free, capable of mpiclly deonmpoaing watec (434), ignitiog wira (427), 
charcoal points (423), ike. 

431. It most not be supposed tlmt all tiie electricity which is really excited 
hf tiia ofaemical aolioa of an acid or other flidd, or iha geaeiating or poeitiro 
iDolal mn in tha bast afiaag am ant a , laally appeaia in dia fona of a euneiit. 
Tarioni causes modifying in a rr tiiarkable manner the quantity of electriciqr 
which appears in the current, exist in the be?t ronptnicted apparatus. These 
have bfen mathemntically investi^tet! by Prolesscir Ohm of Nuremburg, and 
the results are ili veldped in what is known as his formula. The accuracy 
of this has been submitted by Professor Daniell, and in a must successful 
niannflt, to the taat of experiments, T&e following is a btief ezplaaatioii of 
the simple portionaof Piofessor Ohm*s mvestigations. 

£ M elaetiomotive foroe^ eqnivalent to the affinity of the exciting liquid for 
the generating metal, an^ corresponding: to the amount of electoicity which 
would appear in current, if all opposing causes were removed. 

R = resjsumce opposed to E by the contents of tlie cell, arising for the 
most part from the affinity of the elemeniaof the exciting liquid for each other. 

a SB external resistanoe, arising chiefly flom the imperfectly conducting 
nature of the wires used to conyey the current 

a 8BB active force, or the amount of electricity which really reaches the end 
of the conducting wire. 

E 

Tbe theoielieal Taloe of E is diminished materially in practioe hf tha 
affinity of the conducting plate^ for the ingratUent of the exciting fluid which 
tends to combine with the generating plate; this affinity, however weak, is 
still seldom absolutely null. The mutual affinity of the separated elements 
of the fluid evolved at the surfaces of the plates ui&o iessens the intensity of k. 

The internal resistance a, varies directly with the distance d, between the 
two plates* and is inversely as the area of the section • of the exciting liquid. 
Thus, the real resistance is equal to the former divided by the latter, or 

a 

« 

r, or the ertcrnal resistance, •'o fjir as it is dependent upon the conducting 
wire, varies inversely as the square of the diameter of the wire a, and directly 
as its length I,* or 

nmL 

f 

422, The conductinsf power of metallic substances differs remarkably, the 
worst «)nducting metal bemg many hundred times more powerful in this 
respect than tbe best conducting liquid. 1 lie loUowiog table shows die con- 
dnctiug powers of dijfefent metato according to Beequerel, Ohm, and Lena. 

* For the furthrr ilovelopment of this theory, and its application to series of ch^I's, I 
beg to refer the student to the elaborate Chemical Phiiodophy'- of tbe late exceUent 
Pfolbsscr Daaiell-Hi work that ought to be in the hands of evsry siadeat 
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Ohm. 


Lenz, 


Copper 


100- 


100- 


100* 


Gold 


93-6 


67-4 


79-79 


Silver 


73-G 


35-6 


13525 


Zinc • 


2b& 


33-3 




Platiiium • 


16*4 


17-1 


1416 


Iron • < • • 


15.8 


17-4 


17-74 


Tin . « • 


15-5 


16-8 


3084 


Lead • 


8-3 


9-7 


1462 


JMercurjr . 


3-45 






pQtaasium • 


1-83 







423. Let the wires connected witli the terminal plates of a lottery (which, 
if oonsistiiig of plat«8 excited by a dilute acid (416), abould oonaist of at least 
forty |»ira| each being four inches sqaare; or if the oonstmotion of Professor 
Danieirs arrangement, or any df its modifications, should consist at least of 

ten pairs, the coppfr plates presenting a surface of about one linndred square 
jiiches, or four or live cells of Mr. Grove's battery (420),) be cr tntjQotod to the 
two movable rods ab of the universal discharger (364), and having un- 
screwed the luiobs, tie on each rod, by means of thin copper wire, a pencil of 
well burnt bGOCWOod ehaicoal, or still better, of tbe plnmbagolike substance 
found lining the interior of long used ooaNgas retorts. On moving the rods 
of the discharger, so that the pieces of charcoal may lightly touch each other, 
a Tivid light will appear between them, igniting their extremities and heating 
the air so intensely tliat on aliovvinL': tlie charcoal j)i iint3 to be drawn a litilo 
distance from each other, the discharge will continue with a most dazzhng 
light through the intermediate portions of heated air. 

If the apparatus be very small, as with a single trough on Wollaston^s ooo- 
atruction, of ten pairs of plates, a piece of the charcoal should be fixed to one 
of the terminal wires, and the other having a piece of plalina wire fixed to 
its end, should be bronprht in eontact with the carbon; at the point of contact 
a vivid dazzling ! mhi will bo evolved, the platioa wire will be igmted, and, 
if thin, melted into globules. 

424. The discharge of tiie voltaic battery and oonsequent evolution of light, 
either when ebareoel or metallic surfooes are employed, does not lake place 
at first without absolute contact Jacobi* carefully iq;>proxi mated two metal- 
lic points terminating the conducting wires of a batt^^ of 12 pairs of zinc 
and platina plates, excited by diluted sulphuric ncid, until they were within 
O'OOOOS inch from each other, and not the slightest evidence of the passage 
of electricity was observed ; the cUscharge being checked by the small interval 
of air. Piofbssor Daniellj repeated this experiment with his large battery of 
70 pairs, and found that no discharge ensued even on heating the closely ap- 
proximated electrodes to whiteness. On transmitting the charge of an electric 
jar thron'jh these electrode'?, so that the discharge might takeplaeeat the point 
of separation, the battery current became established, and luminous tlischarge 
ensued. It is evident that the discharge of the jar produced a transfer of pon- 
derable matter from one electrode to the other, and thus formed a conducting 

• Fog. Ann ale n. 4t. n^. 
t PUl. Trans, im, dS. 
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deiabie matter. 

4'i5. Tlie evelution of liglit dors not depend upon the 
c<Knbu5Uon of charcoal lerinuiatajg the conducting wires, 
for it will take place with equal splendor in an air-pump 
Tseuom, Tbi» nifty be shown ligr idlowing the wire bold* 
iii^' one of the pieces of chaieoel, to slide air-tight through 
the brass neck of a glass globe; a second piece being fixed 
to n wire, fastenec! to the lower part, nnd connected whh 
a brai-s cup z. On exhausting the y:l(>l>e of air, connecting 
the tenniual wires of the baiiery witii liie brass cups cc, 
and approxtmattng the ohutsoal points sutBeiemly, an evo- 
lution of intense and danling light will ensue. 
These eiperiments ate of the most brilliant kind of any in experimental 
science, especially when performed by the aid of a large battery, as that be- 
lonj^ng to the Royal Institution, corT^isting of 2000 pairs of plates, presmTing 
an active surface of 128,000 square inches; or of the splendid battery of 70 
pairs constructed by Professor DanielL In this case a very curious transfer 
of carbon firom the positive to the negntivo side is observedi the piece of char« 
coal oonstitnting the Ibtmer presenting a oonieal cavity from this loss of sub- 
stance. 

426. Professor Daniell* has also observed that when the negative eleetrode. 
or the wire cnnnrctr f! with the last zinc plate of the battery, is furnished with 
a termination ol plauuuin, and the positive wire with one of charcoal; and 
the discharge of a powerful battery, as one of 70 ahemations or transmitted, 
an abundance of intense ligbt and beat is evolved, and the csibon is cattied 
Horn the positive wire and deposited on the platinum pointi becoming beauti- 
fully moulded to its extremity. When this arrangement in reversed, particles 
of platinnm are transferred to thf c!mrcoal terminating^ tlio nesative win^ 
and are deposited on its surface in tine ibrm of fused globules. 

427. If the terminal wires of a voltaic battery beconnected by means of a 
fine platina wire, and the battery be sufficiently powerfbi; it becomes heated to 
fedness, and even melted. A small battery will beat a consideiable quantity 
of wire of j inch in diameter, a single pair of small plates igniting an 
inch; and a twttery consisting of ten alternations will heat to redness about 
eight inches. The best mode of showing this experiment, is to roll about 
eighteen inches of wire into a long spiral, and place it in the interior of a 
glass tube ; its ends passing through corks, so as to be readily twisted round 
tbe termiiwl wires of a battery. If tbe current be too weak lo ignite tbe wire 
it will heat it suffideniiy to communicate a very high temperature ti^the glass 
tube in which it is plfted ; so that phosphorus may be inflamed by bringing 
it in contact with its exterior. By immersinc this tube in a small quantity of 
water, the latter may Ix? speetiily raised to the boiling point, the !iont ovolrpd 
by the passage of a current increases with the resistance opposed by the v.- ire. 
Hence with diflereut metals the heating jxjwer of a current traversing them 
will be inversely as their conducting power (3G7). WhenHhe comluctorB 
of a voltaic battery are terminated by their metallic wires, ancl the latter placed - 
across each other ; the wire terminating the positive conductor becomes ignited 
and melted, whilst that connected with die negr^tive remains comparatively 
cool; a fact which as yet has received no sat i^faotory explanation. If thin 
metallic leaves be subjected to the action ol the current of the battery, they 
inflame and bum with consideiaUe briUiaiKy. This experiment is best per> 
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fcrrned by ^xkog a plate of polkhed tinned iron to one wire of the batteiy, 

and tnkin'^ up a leaf of any metal, on the point of ihe other wire, bring it in 
contact with the tin ]!lLite. In this manner, gold bums with a vivid while 
light, silver with an emerald green, (x>pper and tin with a pale biuishj lead 
with a purple, and zinc with a dazzling white flame. 

42 8* Under oertain peculiar ciroumstanoes, the pafisage of eleetrici^ thraui^ . 
metallic eoodiictors will actually rec?u<», instead of elevating their temperatnia. 
Thus, if two bars of bismuth and antimony be soldered across each other at 
ri'^ht angles, and they be touched with the conducting wires of the battery, 
^^o that the positive electricity will have to pass from the antimony to the bis- 
muth, the temperature of the metals will be elevated ; but when the current 
movee in the opposite direction, viz^ from the bismuth to the antimony, the 
metala become coded at the point of oontaot If a cavi^ be excavated at 
this point, and a drop of water previously cooled nearly to 32^ be placed 
therein, on the current passing it will become rapidly frozen * 

429. The positive conductor, whether of a single pnir, or a series, constitut- 
ing the vt ltaic battery, is always that wire which is corineoted to the last ac- 
tive copper or platinum plate, and the negative that connected to the last aciwe 
moo. Much QDnesessaiy confusion, with regaid to the eipieiaiaa of the aeg^ 
tive or positive side of the battery has been introduced ia noaDy works, firom 
the want of a rule like that given by Faraday, of oonnecting their sides with 
a given direction of the current Thus, in a battery constructed according to 
Cruikshank's arran<?enient (416), the positive wire or pole, is that which is 
connected to the last zinc, and the negative to tlie labt copper plate. This 
diiference is only apparent, as will be evident by referring to the original 
voltaic pile (413), when the wire ftom die last zinc is the positive conductor, 
fiir this reason, that the last sine is in metallic connection with die copper 
plate, next to it ; and heuce, merely acts as a conductor from it, without adding 
to the power of the pile. Remove the terminal plates, and then all obscurity 
will vanish, for the positive electrode ^yi\\ he in actual contact with tlie last cop- 
per plate, as the intervening and mmking plate is removed. In a Cruikshank 
trougij, excited by an acid or saline solution, the positive electrode will be diat 
whioh is fixed to the end, towards which off ikt zme phtukok: and the nega* 
tive, that fixed to the end towards which aU the copptrpkUa bok, 

430. In experiments on voltaic electricity, it is necessary to make a dis- 
tinction between the qnnnfity and intensify of the electric current; the former , 
bearing, ceteris paribus^ a relation to tlie size of the plates, and the latter to the 
number of alternations. A pile, or other voltaic arrangement of fifty pairs ex- 
cited by pump water only, will readily cause the gold leaves of the eiecHo- 
meter to diverge, and will pxodtice a sensible shock ; but will scarcely decom- 
pose even a small portion of water in a space of time sufficient, when the 
hattety is excited by an add, to rapidly resolve the same quantity into its 
gaseous elements (434). 

431. A curious modification of the voltaic Ixittery is found in those arrange- 
ments termed dry piles : these consist of a large number of alternations of some 
metal lu a atate uf extreme tenuity, as silver, combined with one more oxidi* 
aable, as tin, and alternated with pieces of writing paper. The moisture in 
Ifae latter substance appears to act as the exciting fluid on the most oxidizable 
metal. Thus, a pile composed of pieces of tin foil and silvered paper, if con- 
taining a]x)ut 200 alternations, will act powerfully on the gold-leaf electrometer 
by aid of the condenser. The piles of Zamboni are the most convenient: 
tiiese arc constructed by pasting on one side of a slieet of paper, finely lami- 
nated zinc, and covering the other side with finely powdered black oxide of 
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manganose. On cutting discs out of this prepared pnpor, and piling them uprm 
earh otlier, to the number of 1000, taking care to press them togellier, a littlet 
pile will Ije obtained capable of diverging the gold-leaves of the electronu'ter 
to the extent of half an inch, on touching its cap with oii» end of the apparatus, 
tho other being oonneoted with the earth. With the aid of « condenser a pile 
of but 300 alternations will readily act on die eleetrometn* 

These dry piles continue in action during several years, and are capable of 
jrielding a 8p>ark by means of the condenser, althoup'h not the faintest shock, 
nor the slightest evidence of chemical action has yet been obtained frorn tliem. 
The electricity they yield appears to be of high tension, but extremely minute 
in quantiqr} and disappears altogether when the paper discs baye lost all thdr 
humidity by spontaneous evaporation. 

432. A very remarkable form of apparatus for the excitation of eleetrio 
currents has been invented by Professor Grove. It is termed the pi? liatterv-, 
and consists of a series of platina plates covered with jars of oxygen and hy- 
drogen in the proportion to form water. It has been long shown by Faraday 
that plates of platina will greatly accelerate the combination of these gases. 
By conneeting the alternate platM, Professor Grore disooTered that in propor- 
tion ms slow combination by the included gases went on, an extremely wenk 
but very distinct current circulated through the apparatus,' and whioh he suo* 
ceeded in increasing in tension until it afforded a minute spark and finve dis- 
tinct evidence of being able to effect chemical decomposition. A serifs of ten 
cells is sufficient to exhibit minute sparks and even slowly decompose water. 

43d. The following mode of constructing this curious battery is recoiumeudcti 
Iqr Professor Grove: — 



Fig. 233. 




AC is a glass tube with a series of legs attached to and opening into it. It 
terminates at ▲ in an opening closed by a glass stopper and at c with a funnel- 
like opening. Into eadi of a series of glasses a, two platina plates are tixeii, 
one long and narrow, the other shorter and wider, the former being plaoecl 
lower than the latter; the wide plate of one cell is connected with the narrow 
one of the next by means of a platina wire. The glasses are then filled up 
to the top of the narrow plates with ncicUdated water. In the vessel z is a 
piece of zinc supported on a little tripod, atid is filled with dilute sulphnrie 
acid. The stopper being removed from the tube ac, the legs are immerxHi 
in the cells so that each narrow phitina plate may be inclosed in a leg, tiie 
wide ones being ezotuded and half expoMd to the air: the hydrogan evolveil 
in the vessel ■ will rise and All ac, expelling the atmospheric air. The glass 
stopper is then to be inserted into i, and the generation of hydrogen will con- 
tinue until the piece of zino becomes uncovered with aoid; then tb« nanow 
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•lips of pMM will be exposed to aa •fmosphere of hydrogen in the legs of 
the tmbe^ tlie wide ones being exposed to the oxygen of the air.* A current 
of eleotiioi^ will tfins be generatedf the wire connected with the narrow plate 
lYCjing negBtiTe and that oonneeted with the wide plate positive electridtf . 



CHAPTER XVL 



SABCTIO-^TSIS OB BUHITBO-enMICl& nioowMsiTiev. 

J)ecomposition of water^ 434. Ozone^ 435. Electrodes^ 436. Definite nature of 
electro chemical decomponiion^ 43b. Electrolytes^ 43 U — FosUive and negative 
sionsnteo/ 440. Fofta-ftonNMrfl-, 441. Marizaiiim of dulndei, 44%. Elee- 
trotjfm bjf SM^fit jNnrt of plaUi^ 444, Jpparaim far^ 449— .JMMm o^ms- 
taS&c salts by, 44G — Of nlicon, 450 — Of potassium and sodium, 451 — Of am- 
fnonivm, 4 53. Electrolysis by machine electricity, 454. Evolution of electricity 
during chemical combination, 456. Electrolysis of salts, 458. Professor Dof 
nielVs vieiv of the electrolytic constitution of oxy-salts, 459. Resistance of chemical 
^fimty to electrolysis^ 460. Dr. Faraday's view of the quantity of electricity 
evoktd dstring chameai decomposition^ 461. 

434* HATiire learnt that the electric cnrrents excited by chemical action 
may be made to circulate through conducting wire?, and their force thns 
brought to act upon any compound body they are capable of traversing, it be- 
comes necessary to investigate somewhat in detail the peculiarities of the 
change eifected in compound bodies thus traversed by the corrents, and study 
the phenomena of tiieir eiectio^faeoiioaldeoomposition or eIeotro-lysis,f as Jh, 
Fkiraday has termed it 

Let the terminal wires of a battery, consisting, at least, of eight or ten pairs 
of plates, in good action, be placed in the cups ab, containing a few drops of 
mercury, and communicating with the platina plates pp. I'he tubes oh are 
filled with water rendered conducting by the addition of 8ul|)huric acid, and 
inverted in the vessel x, filled with the same fluid, over 
the platina plates pf. Dureetly connection is made with 
the battery, the platina plates will become covered with 
babbles of gas, which being evolved, will rise in the tubes 
ea, in unequal projwrtion, rather more than twice as much 
gas being collected in a given time, in one tube than in the 
other. This gas consists of oxygen and hydrogen, the 
former being evolved at the surface of the platina plate, 
where tiie cnnrent of positive eleotridty enters the fluid in 
X, and the hydrogen at that surface where it leatOS the 
fluid. As these gases are evolved from the decompo)?e<l 
water, their volumes ought to be to each other as two to 
one; the reason why they are not precisely in this propor- 
tion, is to be found in the partial solubility of oxygen in 
water; and heoee^ its real volimie is mther less than it 
would be, if this source of fidlaoy were absent In this 
experiment^ the gases are evolved Skom both plates, simul« 



Fig. 234. 
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lanaoasljr; andtaUhotigli At eadh instant, but a akigle atom of water It deeoim 
pOfled, the hydragen being evolred from one, and its oxygen from the other 

plate, the ga?es nre not observed to pn«»«i fronn p to p, the fluid between tlieM 
electrodes being free from bubbles. This circumstance mptj be explained ia 
a manner similar to that in which the electrolysis of hydrucUiuric acid has beea 
(398) j let the two platina plates be lepresented hf the leiteis w, the former 
being that at which poeitiye electricity is supposed to enter, and k that widflb 
it leaves ^e acidulated water; abcii are supposed to be Ibcur atoms of watet 
lying between the plates, w, each cooaiSliDg of an atam of osygen a^ and aaa 
of hydrogen, a. 

A B- e B 

/^A^ /^A^*^ 

B • • • oa, OB, oa, oa, • • • V 

The positive electricity entering the fluid at p, decomposes the atom of wal^ 
A, with the evolution of oxygen, and causing the hydrogen to press towank 
V ; and this being carried forward by the influence of the current, decomposes 

the atom b, uniting with its oxygen, and repellint'^ it!^ hydrogen, which, in 1?'^ 
turn decomposes the atom c, and so on; at last, the hydrogen of the atom d is 
Bet free, and is evolved at the surface oCthe plate w, as the positive electricity, 
by whose influence the decomposition of the atoms ahcd was effected, leaves 
the fluid at this point A similar explanation is applicable to oliher oasesj, in 
which electrolytes (439) being decomposed, the elements aie evolTed at dia* 
tant portions of the fluid traversed by the current 

435. During the decomposition of the water by the voltaic current, a pow- 
erful phosphorus-like odor of ozone (331) will be evolved. The evoiutk>n of 
this matter, presumed generally to be a tritoxide oi hydrogen, has been already 
noticed during the action of the common electrical machine. The odor of this 
mm has been long recognized, but its cause was only lately traced to the lbrni> 
ation of a pecuUar compound by Pkc^easor Schdnbein of fiftle. The same 
substance is evolved under many other circumstances, as when a slick of 
phosphorus is allowed to remnin for a few hours in a large glass bottle full of 
moist air. Ozone acts on i xliJe of potassium, like clilorine, sfTtifiir free the 
iodide. Hence a piece oi paper moistened with a mixed soiutionot iodide of 
X)otasriiim and starch tarns blue when exiiosed to its influenos^ and thns b^ 
oomes an excellent test of its presence, 

436. The terminations of the conducting wires of the battery, wh]cli,in Urn 
above experiment nrc tlie plates pp, constitute the points, or doors, at which 
the electric currents from the battery may be supposed to enter the flui(! . nru\ 
hence, have been aptly termed by Faraday, t'lcdrodm;* that at w hich ihr3 
positive electricity enters the fluid is termed the posUive, and tlie other, or that 
by which the negative enters, is termed the ntgaUm electrode. The term 
poles, was formerly applied to these electrodes, under the supposition that 
they decomposed fluids by their attracting the separated elements towards 
them, an idea now fully proved to be incorrect, as they invariably move from 
one electrode to the other, under the oonvective influeooe of the passing ca^ 
rent 

437. If, instead of platina electrodes being employed, the copper wlr^ 
themselves be plunged in the dilute sulphuric acid (434), water is^ as befcta^ 
decompose, hydrogen being evolved at the negative electrode ; whilst at the 
posidve the oxygen combines with the metal of which the wire is nompniod, 
forming an oxide which dissolves in the acid present 
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• 438. If several pieces of apparatus for the decomposition of water (344) 

arranged, so that the current of a battery may pass tlirough earh in moces- 
mon^ the quantity of gases evolved in each will be found to be preosely f rjual. 
And, if tlie current, besides passing through one of these pieces of apparatus 
la mada to travefse a metallic soltttioa, as sulphate of copper - the quantity of 
oo|>p6C pmeipitaled ia a matallie ila^ will bear the same relation to the 
^nantitj of oxygen and hydragen oolleotad, as their atomic weights do. Thus, 
a current of electricity capable of decomposing 9 01 grains of water will de- 
compose 58-78 of chloride of sodium, \ Cyf\-2S of acetate of lead, 79-88 of sul- 
phate of cc>p[)er, &c. This arises from the dpfxnile nature of ekdro-chanicol, Ot 
ekctrolytic droomjjmiiwn, a fact first demonstrated by i)r. Faraday.* 

439. Gomponnd bodies, capable of being decomposed by the agency of eleo* 
trio currents, axe oonveniemiy termed dee^olifUt*^ Before an cfeeCraj^ eaa be 
deoompoeed, it is neocswuy that it should be capable of allowing indaelion» 
aiid consequent conduction to take place through it; as thn lntt<»r cannot occur 
in the c:rrat majority of cases, whilst the electrolyte is in a solid state, it must 
be diss<jl\ ed in water, or fused, in which state it generally readily conducts 
the current. Thus, the chlorides of tin, silver, and lead, are readily decom* 

poaed when Ae cnrrem le tnnmitted throogb them, whilst they are in m 
slate of fusion. Some compoiiiMl fluids eiist which refuse to oondnot the cur- 
rent, and therefore are not electiolytesi as a solution of pure ammonia ; a few 

other conduct it ^pa(^ily, and yet can scarcely be said tO yield tO eleOtrolyUo 
iprce ; of this class sulphuric acul is an example. 

440, When various eleclrolytes are suLnuilled in a dissolved, or fused State, 
to the action of ihe curreut fiuni the voltaic battery, the electrchtiegative elements 
we invasiably set ftee at the electrode where the positiye current is supposed 
to enter die fluid ; and the potU/im elements, where it leaves it. Thus, if 
chloride of sodium, iodide of potassium, hydrochloric acid, sulphate of copper, 
nitrate of lead, or fused chloride of lead, be submitted to the action of the current 
simultaneonsly, by placing ihem in vessels connected by platina wires dipping 
into L-ach j tiio chlorine, iodine, sulphuric, and nitric acids will be set free ai tiiat 
poiiii where the positive current enters the solutions or fused mass; wliilstatdie 
eleotrode where it ieaves them, the soda, potassa, hydrogen, coppery and lead, 
wili be developed in an isolated state. The evolutions of the elements of the 
^ectroly te bearmg a current relative ta the direction of the currents traversin ^ it. 

4 4 1. As the only true test of tlie powers of a voltaic enrrent is its ekclrohjtic 
power, the vclia iuctcr or volta- electrometer, as it is ternied by Dr. Faraday^! 
becomes a valuable uistrumejit m giving an approximate measure of the 
|k>wer of a battery, or pile. This consists of any apparatus, in wbiob water is 

Fig. 235. 
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fabmittfld t6 the tclkm of the eanreot, to Ihet the gases into which it it re- 
solved miiy be measnred. A convenient form of iliis instrument consists of a 
glass vps^pI, a, rernented into a wooden base, having two plates of platina 
pas&ing into its interior, connected by wires with cups or binding screws, b. 
The glass vessel being filled with dilute sulphuric acid, has a bent glass tube 
passing through a coik fixed in its mouth, so as to oooVej the gases evohred 

into a gmdaated reo^Ter, stondinir in a pnenmaiie 
tnragh. A volta-electrometer may be readily con- 
structed by fixing two pieces of thick platina-foil into 
a good cork, so as to dip into the interior of a small 
M'ide-mouthed bottle; wires passing from these pieces 
will enable them to be connected with any appam- 
tuS| ami a bent tube passing throagh the eoik will 
carry off the gases to be measured. The charge of 
these volta-electmmeters should be one pert of aail- 
phuric acid diluted with eight of water, 

442. The platina electawles employed to effect the 
decomposition of water, assume peculiar properties, 
by which, on being disoomieoted with the battery, 
they develop a secondsciy onnent pessinf in a dtie^ 
tkm opposed to that of the battety ciimiit Thie 
may be detected by connecting the cups ■ of a volta- 
electrometer (441), after removing the battery wire, 
with a delicate multiplier, the needles will imme- 
diately traverse, from the action of this secondary current. The electrodes 
do not lose this property entirely, by pouring out the acidolaled wSUr itt 
which they are immersed, and repladng it bf ftesh, or even by washing teoa 
with hoc water. If a rod of amalgamated sine be plunged into the adds* 
lated water contained in a voltaelectrometer, whose platioa plates have been 
previously connected with a voltaic battery for a few minutes, and wires 
twisted round its upper end be connected with the two cups b, decomposi- 
tion of water will, of course, ensue, and hydrogen will be evolved from both 
platina plates, but in unequal volumes, nearly twice as much being evoivvd 
ftom one as ftom the odier, as I have elsewhere showiL* This c wi c wia 
polarized condition of the efectrodes, in all probability arises fkom uie HWtttott 
of small portions of oxygen and hydrogen on their surface, a view cotmte- 
nanced by the experiments of Sch6nbcin,t who has found similar properties 
to be assumed by platina plates ailer immersion in oxygen, chlorine^ bromine- 
vapor, &c. 

443. It is neeessaiy ibr the whole elec lr o ly ti o Ibioe of a voUaie eanaat to 
be efiectnally excited, that all partsof the dicuit sbonid be Ibrased of at good 

conductors as possible, as the amount of decomposition is in a ratio to die 

facility with which the current passes. Hence, a fluid not readily acted upos 
by a current in its pure state, oilen readily yields to its influence, when made 
to conduct it more readily: thus, pure water conducts badly and is decomposed 
with extreme slowness j ou the addition of sulphuric acid it becomes an ex* 
eellent ooodttclor, and is decomposed widi ftoiU^* 

444. Althongh compound bMteries have been referred to in die above w 
marks, as necessary to piodiice chemical decomposition, yet it must not be 
supposed that they alone are efficacious; for a single pair of plates properly 
con<^tructed, is cai)al)le of etfecting, by the current evolved, most important 
decompoi-ing actions in bodies whose elements are held together with the 
greatest force. Dr. Faraday decomposed iodide of potassium (a salt capable 
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• of very imAy decomposition ft aoaaU ibroe), alkaline diknrides, and siii* 

phates, Lydrocbkirie aciil,ancl even water, by the aid of a ^^le pair of plates 
(406). M Becfjuerel,* by availing himself of weak currents, aided by " af- 
finities well chosen," succeeded in efft'Ctinp the reduction not only of the more 
readily reducible oxides of copper, lead or tin, but even 
of tbe refiraotory earths glucina, alumina, and silica. Fig. 237. 

Tina pbikMopber obtained thete inierBsting Tenilta hf 
means of a sint^le pair of plates, placing the solution of 
tbe metallic salt in a glass tube i, closed at one end by 
means of a plug of moistened clay, and immersed in a 
weak solution of common salt: on placing a compound 
metallic arc formed of zinc and platinum in the solu- 
tkma in aneh a imnmer tbat the platinnm leg w nnigbt 
be immmed in tbe tube ooniaiatng tbe metallie sola* 
tkm, (lo which M. Becquerel applies the general term 
of ''negative tube,") whilst the zinc dips in the solution 
of salt, decomposition ensues, and after a lapse of time, 
varying from a few hours to some weeks, the metal is 
generally deposited from its solution on the platinum plate in a more or less 
eiyelaliae'forni. M. Beoqnenl did not attribute the ndnetion of tbe metal to 
the electrio current idone, but oonoeifed that thire distinet oanM8> at'leaii^ 
eoot um e d in produdng this efibot : the decomposition of the water and the 
common salt by the electric current set in motion, and the transference of hy- 
drogen and soda through the clay diaphragm to the negative tube, where the 
alkali unites witlk the acid holding the metal in solution, causing the deposi- 
tion of its (udde, winch, while in its nascent state, is reduced by the hydrc^en, 
' mmI precipitated in it* oietallio fimnon the negative eleotrode; thus regarding 
the hydrogen fumisbed by the deoomposition of the water as Uie aetnal nxhio- 
ing agent In some cases, a fourth eaoie is supposed to be superadded to 
these, as when a boi-ly is used for the negative electrode, for which the metal 
in solution lias a certain degree of affinity; a well-known example of which 
is found in the reduction of potassium from a solution of potassa when sub- 
milled 10 eompamtively weak volteio action in contaot with mercury. Met* 
mtj it not the only metal applicable to this purpose, M. Becquerel having 
frequently used iron with success. He found that the solutions of the pure 
chlorides of zirconium, glucium, titanium, silicon, &c., refused to yield to the 
reducing action of weak electric currents, until after the addition of a small 
quantity of chloride of iron: this the current readily decomposed, precipitating 
tbe iron in a crystaline form on the platinum plate, (negative electrode,) 
wUali deiioelt speedily tndhmt the eommeaeeiiMnt of the deeompooition of ^ 
Mm refiniolory talta. This oirenmtianoe be attributes to the afllnicy of the 
inn fur the other metal tending to the Ibrmation of an alloy, and expressly 
»tHte<<, that when perfectly pum the above>meniiooed ohiorides did nol undergi^ 
the slightest decomposition. 

445. From a series of experiments on this subject, it appeared that the 
WiunUUy of electricity was not so essential as a continuous weak current, and 
1 was indooed to prefer the following apparatus, (whiob after all is but % 
modifloation of Professor Daniel^^) in oonsequeaoe of its afibtdiag a 
SBOSttuit and regular current of electricity of very weak tension, continuing 
for several weeks or even longer without any fresh addition of exciting fluid. 
A glaiis cylinder n, 1 5 inch in diameter and 4 inches in length, was closed at 
one end by means of a plug of plaster of Paris 0-7 inch in thickness if this cy lin- 

• Trait4de PBIectrieii4etd8BisgaAcasnie,vol.ili.p.S9B^«tssq. Piris,1888. 
t FhiL Tr«as^l837. 
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4m WMM fixeil by means of corks insiile a cylindrical glass vessel i, about 8 
inches deep and 2 inches in diameter. A piece of sheet copper, 6 inches 
long arid 3 inches wide, (having^ a copper conducting wire F, soldered to it,) 
and loosely coiled up, and placed ia the small cylinder with the plaster bot- 
tom : ft piece of eliMt line s, of ec|nftl riao waf mko lootelj cailod op, and 
piMod in tho luiBr oEtemal cylinder Qmmg ftwuliheii like the eopperplia 
with a ooodaoting wife e). The brgnr cylindifeai glass bdiig then neerijr 
filU'd with weak brine, and the smaller with a saturated solution of sulphate 
of copf>er, the two fluids being prevented from mixing by the plaster of Paris 
diaphragm, the apparatus is complete ; and if care be taken that the fluids ia 
the two cyhoders are at the same level, will continue to afibrd a contiiuioos 
eanentofeleoiiidty (or mieweek^tbe ootphftie of copper beiDg yeryilow^ 

446. If the ends of tlie ooodacting wires of this appaielm be immersed into 
a K>lntion of nitrate or acetate of lead, no immediate action ensues, but in about 
fifteen minutes, or even less, some elegant and delicate feathers of metallic 
lead, which rapidly increase in size, appear at the negative electrode. This 
efliMSt does not occur when bath oondnoting wires are of platinum ; but when 
the mt gal i m electrode only was ooroposed of that metal, the redoctkm of the 
lead oontinoed with apparently increasetl energy. Fmm thtea experiments, 
as well as many others of a similar kind which it is unnecessary to detail, it 
appears that in availing ouselves of the reducing agency of feeble currents, or 
at least of thcMse elicited by a single pair of plates, it is necessary that the 
positive electrode should be composed of a readily ox idizable metal: thus 
aeingakiodof faatteijroflMeoells, in whielitiiowketfcrailiigtha eloetiodai^ 
aad the flaid iiilNiiilied to eaqieffiment, oooilitiiie the coaftinttof tlw eeooad 
cell. 

447. But few metallic solutions yield so rapidly as those of lead to the re- 
ducing agency of weak currents: and where a longer time and continuance of 
action is required to effect the reduction, the decomposing apparatus of M. 
Becqucrel will be found a necessary addition to the little battery, with the 
•olatitiiiioii of a phif of the plaiter of Piurit Ibr one of olay. This pieoe of 
appaiatu ie» in Aot, a oomiierpartor the battery itKlf, and is repreeemed ia 
the last flitaie connected to the wine va; it oomiita, like it, of two glass 
cylinders, one within the other, the smaller one having a bottom or floor of 
plaster of Paris fixed into it: this smaller tul>e may be about half an inch 
wide and three inches in length, and is intended to hold the metallic solution 
■obmitted to experiment, ilie exieriHil tube in whi^ it is immereed, being 
filled with a weak lolotkm of oeminoa adt Into the tatter eohitaoii ft 

of amalfimated ain^ (to the positiTo eleoliode^ioldertd to die wira Oonnhig 
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f^om die oopper^pfaiM of the UtteiSTf i» Immened, wldln §ot tiM negatm 
electrode a alip of p]atina*foil, fixed to the wiie from Uie zinc plate of tbe 
battery, papses tbrnut^h a cork fixed in the iQOiith of a onaller tttbOi and dipt 

into the metallic solution it contains. 

448. When a solution of the chlorides or nitrates of iron, copper, tin, zinc, 
iMsmuth, antimony, lead, or silver, is placed in the smaller tube, and con- 
neetkm made watli the appaiatna in the manner already deferibed* action |i 
almost instantly apparent, water Is deoompoaed, and torrents of tninnte bob- 
bles of hydrogen are e^ved at the surface of the platinnm plate (negative 
electrode), which generally eoniinue for a short time, sometimes, indeed, 
lasting lor hours; a circumstance depending apparently upon the degree of 
facility with which the metal under experiment is reduced. Thus with so- 
kltions of copper, scarcely a bubble appears, tlie metal being almost imme- 
diately redueied, all the hydrogen being probably employed from the instant 
of oompleting the circle, for that purpose: with solutions of lead, tin, or silver, 
the evolution of hydrc^en continues for a short time only, and ceases as soon 
as the minutest portion of reduced metel appears on the platinum plate; but 
with solutions of iron and manganese, the evolution of gas frequently con- 
tiuues for six, eight, or ten hours, or even longer; the evoiulion of hydrogen 
^na seeming to bear something like an inverse mtio to the ease with which 
metal is reduced. AAer the hydrogen has ceased to appear at the negative 
cleetBode, striss of the reduced metal, whioh rapidly increase, are deposited 
on the surface of the platinum. 

The metals thus reducnd jronornlly, but not invariably, possess a perfect!)' 
metallic lustre, are alway=; trinro or less cry^tnline, and often very beautiiully 
BO, afibrding a considerable cutitiasL tu the irregular soft spongy masses ob- 
(nined fiom the same solutions by means of currents fiom compound batteries. 
The eiystals of copper obtained by the process just detailed, rival in hardness - 
and malleability the finest specimen of native copper, which they much re- 
semble in appearance. The crystalization of bismuth, lead, and silver by 
these means, is very beautiful, that of the former being lamellar, of a lustre 
approaf^hmg to that of iron, but with the radish tint peculiar to this metal. 
Silver may be thus obiaitied of a snowy and indeed dazzling whiteness^ usually 
under the form of needles. 

449. The metallio solutions hitherto mentioned as yielding to the action of 
weak currents ate, as is well known, equally acted on by voltaic batteries, 
consisting of a considerable number of alternations, tbe metal being reduced 
in a spongy form, often destitute of a metallic Rppe;irance. But there are 
some metals which are deposited from their solutions as oxides only, when 
acted on by currents from large batteries, and yet are deposited in a brilliant 
metallic form if submitted to the action of the currents ftom the little appa^ 
ratus already described, Of these nickel is an example: a solution of its 
chloride or sulphate, when placed in the smaller tube of the decompopinj^ op- 
paratu?. yielding after 9^>me hours a crnst of metallic nickel on the negative 
electrode, often of a silvery lustre on ilie surface immediately applied to the 
platinum, that portion of liie crust more ui contact with the Auid being gene- 
rally black, and frequently covered with a layer of hydfated and gelatinoos 
gieen oxide. 

450. For the reduction of silkXBi, let a solution of fluoride of silicon in al- 
cohol be prepared, by passing a current of the gaseous fluoride into strong 
alcohol. On filling the decoinposing tube with this solution, and making the 
connection wnh the battery in tlie manner already described, bubbles of hy- 
drogen were copiously evolved at the surfoceof the platimmi phite (negative 
elacttode), oontinning ftom eight to ten hours, when the platinnm appeared 
lobe tani4sbed.and in twsuty^foor hours a copious deposit of silicon had tata^ 

20* 
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Oft tiM platiiioRi, to tfio mirihoe of whksli it fbmly adfaerad. Avmmd 

reduced silicon, and suspended in the fluid, was a denie gehUiDoas clood 
of silicic add. On quickly withdrawing the slip of platinum, dipping it in 
water, and then pressing it between folds of bibulous paper it was drietl, and 
freed from any adhering solution. The silicon was nearly black and granular, 
under a lens, exhibiting a tendency to a crystaline form. It was not depo* 
•Had OB the pfartfaiim in « oonllwed aad iniesnUur tnaiiiier,biit in kMigtliidinit 
ttiisB^ whidi appeand to IhUow the direction of certain lines of minnto emfr 
nences on the surface of the piece of platkium, produced apparently by scouring 
it with fine sand and a piece of cofk befino bdiog used for the ooostrocikNi 
of the negative electrode. 

The silicon thus procured becomes of a snowy whiteness when ignit^ in 
the flame of a spirit lamp, and falls ofl* the platinum in thin flakes, being in 
ftot oouTertad into silioio acid. It it not Tory easy to ozidtte the wfable^ in 
oonseqnence of the flakes of the acid forming an inemsiation over the snb- 
jaoent silicon, and protecting it from the oxidating influence of the air, even 
at a red heat. A portion of the silicon removed from the platinum did not ap- 
pear to dissolve in hydrochloric acid; but when the platinum itself with the 
flrmly adhering silicon was immersed in the acid, slow action ensued, bubbles 
nf-hydrogen Mng OYotved ftom the cyossrf mafui pta HumH, the rfHecn 
• Tory slowly disappearing; the solution •being piobaMy occasioned hf 'ibt 
formation of a simple voltaic circle, the Sfttoon and platinum being the metals, 
and the acid the exciting fluid. When an aqueous solution of hydrofluosilicic 
acid is substituted for the fluoride of silicon, the metalloid is reduced, but 
slower and in smaller quantity; differences arising in all probability iiom the 
smaller quantity of silicon present in the solution. 
' 4gi; Fotassigm and sodioni can be reedflyiedneedty these weak c nn e ute 
obtained as amalgams bj using a modification of the deooniposlng appaiatm 
befine described. Let the smaller tube containing the metallic solution be re* 

placet! by a small glass funnel i, the beak of which has 
Fig. 239. been carefully filled up with plaster of Paris : fix on this 

plaster floor a piece of glass tube closed at one end, 
about 0*5 inch in length and 0-2 inch in diameter, and 
half filled with pure mercury ; this tidie sboold not be 
- placed vertically, but inclined io as to fbrm an angle 
. of about 40** with the plaster floor of the funnel 
The external cylinder communicates as before with 
the copper plate of the battery, by means of a slip of 
amalgamated zinc z, dipping into tlie brine it contains: 
a solution of chloride of potassium is to be poured 
into A, and a piece of platinnm wlie eonneeted with 
the zinc plate of the battery being twisted into a flat spiml at one end so as 
to present a laj^er surface, immersed in the mercury contained in the little 
tube submerged in the saline contents of the funnel. The circuit being thus 
completed, electric action soon becomes apparent, bubbles of hydrogen being 
evolved from the surface of the mercury (which now formed the negative 
electrode) In a very curloaa manner, notin eonflited and rapid ilrearas, bat in 
large and distinct bubbies, whidh veiy skiwly appear,' and perfcrm aereial 
gyratory movements on the surface of the fluid metal before they are evolred. 
Not unfrequently a single bubble only is seen, which continues playing on 
the surface of the mercury for half an hour, or even longer, before it rises to 
the surface of the fluid. In about eight or ten hours the mercury will have 
swollen to double its former bulk, and part of it actually crept up the pla- 
tinum wire to the height of 0*3 Inch above the level of the other parte, ad* 
||i rii > g to the wfee like to nwwJi te m olo n i wuellagB^ This peoulhuf oraeflog 
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up of the mennuy along the wire does not, however, take place if the little 
tube febldlng tbe flnid metal is plaoed Id a Teitieal positioii. If tbe mercury 
be remoTed from the little tube as qoiekly as powible, and pomed iaio dis- 
tilled water, an evolntioa of hydrogen gas -takes place from its whole surface, 

and the water becomes alkaline from the formation and solution of the oxide 
ol potassium or potassa. The film of mercury adhering to the platinum wire 
remains on it fbt some days, giving it the appearance of having been amal- 

gWMUf gd i 

4d8» Of all the sidiiie solntions that I have sabmitted lo ezperimcsit^ ooiie 
aflbided eodi eoBolmiva and interesting results as tlioee of ammonk; tb6 

compound ammonium being reduced with almost as much ease as copper or 
tin, when a solution of the chloride (hydrocblorate of ammonia) is submitted 
to tlie action of the voltaic current in contact with mercury^in the same maner 
as chloride of pota:iiiiuiu or sodium. Tiie same adhesion and creeping up of 
the mercury along the wire is observed, and altar a few hoars the fluad metal 
swells ID Ave or six times Us fixmer balk* On remorlog it qaScUj and dijr* 
ing it, by allowing it to iiUl on bibnlons paper the amalgam of ammonium is 
obtained of a hnttery consistence, poj^se^sing a dull silvery color, and yielding 
a peculiLir c^lcklin^^ or (if 1 maybe allowed the expression) nn emphysema- 
tous sensation to liits linger on pressing it; on being immersed in water it 
very slowly gives oif hydrogen, and yields a soluticm of ammonia. 

453. By fiir^the most sasisfiustory method of obtaining this amalgam, is by 
using for the negative electrode a piece of plalina wire omled np at one end, 
aAer it has been amalgamated by dipping it into the ammoniaoal amalgam 
obtained by the last describetl process (152). A minTite quantity of mercury 
is thus made to adhere to the wire, which being (X)nnectcd with the zmc side 
of the battery, is dipped into a soluuon of hydrocblorate of ammonia contained 
in the smaller tube of the apparatus used in effecting the reduction of silicon 
(450). The ciieoit being completed, a few babbles of hydrogen are disen* 
gaged from the amalgamated wire, which soon cease, and in an hour or two^ 
' a leaden gray spongy mass is observed adhering to the wire, which is some* 
times sufficiently bulky to fill the tube, and putting on much of the external 
appearance of a mass of cellular ^lena. This mass coiisiiJts ol a spongy 
amalgam of ainmooium, containing a very minute proportiun of mercury; it 
is lighter dian thn soltition in winofa it is immersed, ftr on adroitly separating 
a portion of it, it rises to the sarfece and mpidly deoomposss.water, hfdragsa 
beirtg evolYed and ammonia formed. 

h id a very curious and interesting fact, that although this spongy ammonia* 
cal amalpron cannot be kept immersed in water even for n few instants with- 
out liie ](/nii uion of itTinnonia, yet as long as it is cohikm ted with the nega- 
tive electfude oi tiie battery, it may be preserved wilhuui cbunge ibr days 
and weeks. The instant the conneetion with the faatteryis bfoken,n maas of 
diis amalgam, as huge as a wafamt, appears to vanish in a few seconds, tot* 
rsMs of minute bul)bles being given oflT, and a scarcely appreciable quantity 
ef mercury bein^' leR on the M'ire. On ajrain closing the connection with the 
battery, decoioj^osition reeommences, and the amalgam is reproduced. 

454. Beconiposition ol veral electrolytes, as sulphate of soda, iodide of 
potassium, &c., may be eiiecied by means of a current of electricity, from the 
ordinary electrioal machine. For this purpose, place upon the table of the 
aniverad discharger a piece of bibulous paper, soaked in a solution of some 
alkaline OOmbuntion, as iodide of potassitmfi ; fix to each of the sliding rods 
of the apparatus a piece of fine platina wire, to serve as electrodes, which 
must rest lightly upon tlie paper, about an inch from each other. Connect 
one of the rods jr with the rubber of the machine, or with the earth by memia 
of a chain, and the other r with the prime condnctor bgra wire^or still bctmr. 
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Fig. 241. 




by a piece of wet striDf ; od wortdogtlie iMoliiDe, tha wit will be deoomp o ie d ; 

iotline bein!? «5f^t frcp at thnt \vire which is connected with the pnn:!ucior. or 
Bt the pniut wluTo thf po««iuve elf^tricity f tit^r? the cojnpoiuui, and ilic alka* 
line bnse at tliat which is connected widi ihe rubber, or where ibe positive 
current escapes. The alkaline element can be detected by placing a piece 
of tormerie papor, moiHeiuMi, widi tlie tohrtkm employed, <m the table of llie 
discharger, io place of die oidinftiy bibulous paper. 

455. It is not necessary to use metallic conductors to effect eteotro-ljrsis by 
the eleotficaty of teoeion. To «!io\v ihi«, tak?» two trinngiilar pieces of paper 

AB B bcHi^' colored with iitmus, and A with 
turmeric, place them base to base on a glass plate 
and fno4ilMi diaiB widi a eohitiim of sulphate cf 
soda, let a pointed wire fixed to the potitiTe eon* 
ductor r of an electrical machine in action be 
placed a few inches from b, the sulphate of soda 
will be decomixDsed, the acid set free at b, where 
the electricity enters the paper, and will turn its 
blue color to red, whilst the soda will bo set free 
at A, elaining it blown. Tbii elosant experiment of Prof Faraday is eonclu* 
wkwm against the old nodont of the eleetrodes iodueing deoompodtioo by aoi^ 
Ing as attracting surfaces or poles. 

456. Electricity is not only evolvrd daring chemical decomposition, but has 
been supposed tf» attend chtmicdl f onxbination ; a statement first made by Bec> 
querel. The truth of this opinion has been, by many, either altogether deni«i<i, 
or limited to the case of the combination of niuric acid with alkalies. That 
an eleelrie eurrent, oeriainly of extremely low tenskm, is readily evolved 
dmring .the combination of sulphuric, hydrochlorio» nitric, phosphoric, and 
acetic acids, with the fixed alkalies, and even with ammonia, is readily demon* 
girable, but what the immediate cause of this evolution of electricity may be, 
IT* questionable. In the ca?© of electricity evolved during the i nmbinaiion of 
nitric acid and potassa, or Becquerel s battery, as it is termed, Prof. Daniell's 
▼iew of the oompoeition of salts enables a tolerably ready exphmation to be 
applied. Tbfs apparatus consists of a tube ekwed by a plug of pip»«1ay filled 
with a solution of potass, and immersed in a vessel of nitrie acid. Plates of 
platina furnished with conducting wires are immersed in tlie ar id and alkali 
As «oon the«e conducting wires are twisted together an electric cnrrent 
takes place, nxyu^on rising in bu\)bles from the plate immersed in the alkali, 
whilst hydrogen is evolved lu the acid and immediately acts on it, tinging it 
yellow from die Ibrmadon of nitrous acid, the hydrogen abstnoting a portkni 
of oxygen ftom the nitric acid. Meanwhile combination of die acid and alkali 
Occurs through the clay diaphragm, and nitrate of potassa is slowly formed. 

On Prof Datii drs hyy)othesi% nitiate of potass, considered in its electrie 
relational is a compound of ' 

, 1 atom nitrogen 



atom potassium \ 
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tnd not of 

1 atom nitrrn^en ? i 5 ^ atom potassium 
6 — oxygea > C 1 oxygen ; 

and henoe nitre on thit view li termed oxynitrim ^ ptintnum, Aqueooe 
nicne add will theielbre be mn eaQTBitnon of bydiQgen, thus 

and not as u?imlly Resumed, of 



> I C 1 atom hydrogen ) 
J "r ^ 1 oxygen J 



1 atom rum J + ^ ; J - 1 etom wnet; 

«i oxygen 



In Becqnerel*s appmrntn?, thp following olementa nre therefore arranged 
nn each side the pocoua diapluagDi, lepresenSed beiow by the double bori» 
zoatal line. 



1 Oxygen 
1 Potaatiom 



1 Nitrogen . 
6 Oxygen . 
1 Hydrogen 



S5= Oxynitrion c^f potasaiam 
or nitrate of poiasm 



Tbus, an atom of oxygen is set free in the alkaline solmion, and one of hydro 
ffm in Hie aeid, io tbat in tfiia eeee the eTotnlioa ofeieetrioity may be veedilf 
tiaeed to ebenioal deoompoeition ; ooowqnently Beoq;neiel's nnnngemenl doee 

Dot rr present WKf exception to the general rule. 

4G7. The statement, that in cases of pIf'Ctro-chpTnical decomposition, the 
changes which take place in the electrolyte arc coiuinuous through a Ime of 
molecules, and not limitetl to those in contact with the electrodes (334), meet* 
with an interesting illustration in the well-known experiment in which an 
•ntali appeant 4d trnverte an aoid withont eombtning with it; and which baa 
been et toneously legaided aa a ease of aupenaioii of the hiws of chemioal 

Fig. 243. 




affinity. Let three cnps isa^be placed side by side, and connected by moans 
of pitvo«? of !amp-co!ton moistened with a solution of sulphnte of «oda. Lot a 
and B be tilled with a solution of this salt, and the central cup s, with dilute 
•Mlphuric acid. Let a platinum electrode c connected with the last copper 
of tbe battery, dip into a, and another i, ftom the last zinc plate dip into B. 
The positive current wilt now enter the fluid in a, and escape IVom n tfaiOogh 
>i traversing s in its coorse. Electrolysis of the sulphate of sodk wilt take 
pl^fp, its acid with oxygen being set free in a, and the sodium will pass 
throuf^h the sulphurio nrid in s and reach b, so that a qunntity of free sotla 
Will ioon be found in h; the sotlium K>oin^ oxidized Rt \hc expense of the 
^ater. It is evident that this alkaline body must have traversed the acid in 
■i With whiob, indeed, it for an Jnstant combined, and the resulting tulphate 
of soda being deoomfiosed bgr the ennent, the soda ultimately appears in a. 

458. That in expetimenta of this hindf the base really combines with the 
acid it is made io tcaTene, is pm^od bgr aaing a fldt with the base of which 
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the acid fi rms an insoluble combiaation. Under these circumstances it iare- 
riiuved (rom the iiiflueuce of the current, and does not reach the third cup. 
Place ia aw solutions orcbloiido ofbBriiun, and in ■ dilute snlphario nod; on 
the earrent passing, the contents of a are decomposed, chlorine is evolved, nnd 
fasrinai set free ; this is oonveyetl in the nuuiner before described to the mid- 
dle cup, and here it is arrestcil in its course by th»» ^rv\ which, in coml)ining^ 
with it. fornix an nbsolntely insoluble salt, the sulphate of bar>^e8, which falls 
to the bottom of the vessel, and then neither barium nor its oxide reaches the 
cap D. Hence the salt cUu:iea for experiment must be one whose base forms 
n solnhle combination with the acid in the middle cup (457). 

450. When water eontaining a yeiy minute proportion of saline matter is 
sabjected, in two cups connected by threads of moistened lamp cotton, to the 
action of the ctirreiit. not only are the elements of the water set free, but the 
traces of saline matter are decomposed into their constituents, so that the wt i i 
will appear iu one cup and the base in the other. It has been observed by 
Professor Daniell, tliat if a solution of sulphate of soda be thus treated, a voha- 
eleetiometer being included in the circnit, not only is the quantitjr of mixed 
gases oollectml in the latter the same in bulk as that set free in the sulphate 
of soda solution, as we should expect (438) ; but a quantity of the sulphate is 
jt!=f If (lec!om posed, equivalent to tlie pn^fous elements evolved from the de^ 
cxTinpo?itinn of water in the volta-electrometer and in the solution of the sul- 
phate. 1 ims, the current which decomposed an atom of water in the volts* 
electrometer, at the same time d»x>mpo6ed an atom of water and one of Md* 
phateof soda in the apparatus connected with it; finrming an apparent ezeefH 
4ion to the general law (438). To meet this difHculty, Professor Daniell has 
suggested that the elements of the water in which the salt is deposited, are 
separated by a secondary action. According to this view, sulpbate of so.!a 
consists of SO^ 4* instead of SO, -f* NO, being in the proposed iKifncr^cla- 
ture an oxysulpbion of sodium. Then, when a solution oi this sail is deixiiD- 
posed by an eiecdic onnent, SO^ is set free, and immediately acts on the 
water, taking an atom of hjrdnsgen to Ihrm the aqueo*0Gi«l, and thus an atom 
of mygen is evolved from the water. The sodium then acts on another atom 
of water to form soda with its oxygen, and setting free hydrogen, and thns 
the decomposition of an atom of water and one of sulphate of soda by a cur- 
rent, which is alone capable of decomposi 1114 one atom of water when the salt 
is absent, is attributable to the secondary action oi tiie as^^umed elements of 
the Milt on the water. The same ingenious explanation applies to the aleetro- 
lysis of mi soltt^ns of oxy salts. 

460. It has been already observed that salts materially diiTer in the facilitf 
widi which their elements are evolved under the influence of the electric 
current. This difference is attributable to the varying amount of intensity with 
which their elements are united. ThuB, as has alreorly lx»en shown, the 
CMjrrent from a single pair of platiiiuni and zmo plates m capable of deconipo> 
sing a solutino of iodide of potassium; chloride of silver kept fused in a gisst 
capsule is readily resolved into dikirine and metallic silver by tiie same ^weak 
current On the other hand, a solution of sulphate of soda and nitrate of 
potass in a state of fusion, resist the action of this current, but if its inienj'ity 
be exalted by the addition of a little nitric acid to the excitnig lirjuid, it is 
capable of overcx>ming the force which ties the elements of these salts together, 
and they are readily evolved at the surface of the respective electrodes. Ja 
the following list of electrolytes, the flrrt three are decomposed by the oancat 
from a single pair excited by dilute sulphuric acid« while die l^i lour bodici 
do not yield until after the addition of nitrkslcid to the axoiiinc liquor. 

Tor] Me potassium, dissolved in wntCT. 
Chloiide of saver» fused. 
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Protochloride tin, fused. 
Chloride lead, do. 
Iodide-lead, do. 
Hydiochloric acid. 
Dilute miipbuno aoid. 

461. The esseiitiat dlfieienee belween the eleotiicitjr of the oommon eleo- \ 
trio machine an ! that evolved bjr chemical action, conaisls In the low tension 

or elasticity of the latter, as comparec! with the former, which it vastly ex- 
ceeds in quantity. By availing himself of the law of the <lefiT>lte nature ot 
electro-chemical decornposiiion, Dr. Faraday has, by a -^enes of very inge- 
niouii experiments, succeeded m demonstrating the enormous quantity of eieo 
trieitjr naturally associated with the elements of a gialn of water. He found 
that when two wires of phrttnnm and zinc inch in dieraetar were immersed 
to the depth of f of an inch in a mixture of on^ drop of sulphuric acid and 
four ounces of water, as much electricity was set free by this miniature battery 
in about three seronds of time, as was yielded by an eleetric battery (297) 
having 3,500 square inches of coated snrfaee, and charged by thirty revolu- 
tions of a plate-glass machine 50jnciies in diameter. The quantity of electri- 
ehy in the stale of tension yielded by the machine, and sufficient to kill a 
small animal, was thus evolTed tnr the solution of an almost iniqppreciable 
portion of zinc wire. By an extension of this reasoning, it would appear that 
800,000 charges of the electric battery would be required to clerompose a grain 
of water, a qtiantity capable of being supplied in an infinitely lower state of 
tension by a pair of platuium and zinc plate?, stiificiently excited by an acid to 
keep ignited during ralher Ic&ia than four niiautes, a piatinuui wicu inch 
in diameter. 



NOTEL 

"i 

To the no less excellent than laborious Trait6 de TElectricit^ et du Magn^ 
ti?me, of Becquerel, I beg to refer the student for an elaborate account of all 
that is valuable in electrical science j especially, in that interesting- part of the 
science connected with the application of electricity to chemistry, cootaiQed, 
chiefly, in the third volume. For an abstract of this in an English dress, I 
would also refer to the eicellent seientifie Memoirs of Mr. Rwhard Taylor, 
pp. 4l4->42. The papers of Dr. Faraday, in the Philoeophioat Transactions, 
now fortunately collected into a separate work, cannot be too frequently or 
too attentively perused by those who wish to acquire a thorough acquaint- 
ance with this lieautiful science. Nor ought the writings of Pouillet, Cou- 
lomb, Poisson, i>e la Rive, and many utiiei contiiieulal philosophers, as well 
as those of our talented oountrynmn, Prof. Daniell, tohe overlooked hy the 
student An anthen^ perusal of Sectkm VI of Muller's Physkss will also 
amply repay the atudent^ by the able exposition tliere i^iTon of the sabjeol* * 
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CHAPTER XVn. 

XLICTBO-STITAXIQt, 

vfefiM ef^eetrk eurrmittm magnetic hwrit 4d2. Ampere's Formula^ 464. Laa 
of intensity of action, 465. JtwenoTf 466. MukipHer^ 467. Astadc mdtv^ 
plieTy 4G8. Action of magnets on conducting totm, 469. Apparent magnetic 
properties of conducting tcires^ 410. Action of currents on each other^ 47 1. Ro- 
tation of magnets around a condtuUing wire, 472 — of the wire around a magnet, 
473. Vibrating wire^ 474. Rotating diicit 476. SutpendMd rtctangfut ATI 
-^■^adkmof tkt€arthupon,Al%, Jk la Rwe'i JhaOng coil, 419. BaiMm tf 

1 « «9il wire, 480. Etectro-dynnmc qfimder, 482. Induction of ma gm t Hm 
by currents, 483. Rotating dednnnagnetMy 485. iiorolioii ^ cMrrmCtfOiMif 
cocft odhcr, 487. Magnetic thtarf of AsHpert^ 489. 

462. The direct influence of the discharge of electricity of tension, on mag- 
netic needleS) was studied long ago by Franklin, Beccaria, Wilaon, Cavallo, 
Bud odieM; the power it ezeited of destroying, revenins^ or commmiicetiog 
pobuiqr wai alio pointed out 'But it wu letemd fijr VtoL Oented, of Qh 
pfloliiigeii,to announce to tbe world the existenoe of a new and peculiar force 
reciprocally exerted between magnetic bars, and the connecting wires of a 
voltaic battery; a fact, to a certain extent, theoretically anticipated in a work, 
by the same philosopher, published twenty years be&>re his great discovery, 
which was made in 1820. 

463. Let a copper wire, eonnected widi the two sides of a Yoltaio arrange- 
Bient, be stretched parallel to a maHnetie needle, sappwted on a pivot, and 
on a plane just above it The magnet will instantly leaTe its position in the 
Biignfrti^ meridian, and aAer a few oscillations will assume, and retain, a po- 
sition at, or approaching to, right angles to the wire, as long as the current 
continues to pass. To show this, let a thick brass wire be supported by two 
piliaia ABtpSMing through theii long axes, and soldered to the binding screws 



Fig. 243. 




cs. The magnetic needle ifs is supported by a pointed wire w, filed io a 
hollow stem s, in which it may be placed at any height by m«ins of a screw. 
B is the austral and s the boreal pole of the needle (258) : the former being 
what is commonly termed tlie north, and the latter the south pole. 

(A.) Screw the wiia eoming from the copper plate of an electromotor (400) 
into e, and that fiom the sine into b, the paddYa conrent will pass in the di* 
leetioo as shown by the anows j and the needle «B,'plBoad in die msr 
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the tvest. ^ 

(B.) Lower the wire W into the Pockct s, so that the needle Jis may be 
beneath the conducting wire. On maiung cunnection with the eiectiomotoir 
as belbre, the end ir of the needle moves towards the mmI; 

(C) BemDye the wire w and the uacnetio needle^ lepladag it wilh one 
artanged as a dipping needle^ paiailel to^ and on the same horizontal plane 
with the conducting wire AB. On making connection with the electromotor 
(A), the end 21 ot the needle will be elevated, providing its poles be in the 
same position as beibre, and it be placed on the west side of the wire ab. 

(D.) Arrange the apparatus as before (C), but let the dipping needle be 
placed on the mut side of ab ; its poles retaining their former dhreetkm. The 
pole H will then he depressed. 

If these experiments be repeated, the connection with the eleetramofor he 
reversed, so that its copper plate mny be eonneetecl with the screw z, and 
its zinc with the screw c, the direction oi the magnetic deviations will also 
be reversed. 

464. To impresss on the memory the' direotlons of these deviations, the 
fikUowIng ftimnla devised hjr Ampere is eitremeljr nsefuL : Idum^omidtnHf^ 
Umtdf with tht curretU, or let km mppose hmm^ to be fymg ta ihi dtrtdim if 
the positive eurrent, kit head representing the copper and his fed, the zinc plate, and 

looking at the needle, iis north pole unll nhmys move loimrds the right hand. This 
will be readily apparent if the siudeiit will suppose himself to be lying on 
the wire A b (^63), in the direction of the positive current and looking to« 
wards ks, and then repeat the ahove eiperiments. 

465. The amoout of aetion exerted on the magnetic needle by Ihe electvio 
current, appears ftom the researdies of Biot and *Savart* to diminish widi 
their mntnnl distance, its intensity l)eing in the inverse ratio of the square of 
the distance of the needle from the wire, wlicn considered as applying to a small 
section of iiie conducting idre ; and of course proportional to the sines of the 
angles of deviation. But as the length of the cnitent may be considered 10 
be infinite with regard 10 the needle, its intensi^is in the inverse ratio of the 
simple distance, when considered as being exerted by an indeflnitely long 
conducting wire. 

466. To avoid the trouble and difficulty of rever^in^ the direction of the 
battery current in electro-magnetio experirneriiss, several pieces of apparatus 
have been contrived, most of which are very inconvenient, from their require- 
ing mercury to fit them foor nse. I have had aainstraniMit oonstructed, whicli 
when used to connect the battery with any apparatus, allows the direotiott of 
die onrrent to be readily changed wilhont using that fluid metaL This coii> 
sifts of an elevated curved ridge, composed of three Stout pieces of biass, a. 
PB, separated as in the figure at the dark 

portions by wood; A and b commnnicato ^'ig* 244, 

by means of a thick wire passing under 
the base of the Instnunenl. Two thick ^ 
qnadiangulfr ban of brass, nn, pass 
tfavoogh a circular piece of wood, f, and ' 
terminate in the binding screws oh. The ^5/- 
bars PE, and the piece f moving with it as M 
oil a centre, being made to press upon the 
curvjgd ridge ab by means oi a screw at 
t. Two other bindN^ seiews, lm, are 

eonneoied to ▲ and v. If the bars be plaoad at in the figure, the ccpper plate 
• ri^4iniyii«iie>partf.a»ot,toot.ii«p.707. Psris,189i 

21 
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of a hmimf bting coonectad t» and tha sme !• b, ^ poritivie oarrent wiU 

flow from L to X if thrv he connected by meai^ ofn wire or any piece of ap- 
pfxraius. Let the bars be ifien nioved iinl}! the end ol E rests on b, d wil! of 
coiii&e be on and instantly the positive current wiii move in the opposite 
direction, or from x to i>. 

oil should to pimd on apb, to allow i»B to fUds VMdily over it. 

467. From a consideration of the above pxperiment, it is obviocw that if a 

conducting!: wire He bent into th^ shape of a rectangle, the needle beint? pl«cesl 
between us two horizontal brtinches, the action of a current traversing the 
wire wiii be, to move the needle in the siwte direction j ior although one 

iMHMh k above, and tb* odMi totaur dia needle^ yet «■ the mrmt mom M 
mdtk in opporito difeedona, its eflbott on the ma^Mt vill to the lame. 

In this manner we possess a mode of kwteatiog the acCiOQ of a current on 

the needle to an extraordinary degree, and acquiring a mode of detecting 
traces ot electricity infinitely too minute to act on the ^Id-leaf electrometer. 
For these valuable contrivances we are indebted to the ingenuity of Schweig- 
ger. The commonest form of theae insliuuMUts, galvanometers or multipliersi 
as Itoy aie tetawd, eonrirti of a fedangaiar ooil of copper wkevas, cooadih 
inf atool tweaijr ooajokiliDiiii |to wiro toing covered wMi ootlon or silk^ «e 

prevent the lateral escape of the current. 
Til© cups cz are connected, repeetively, to 
Hii end of the wire coil, ^hh. A magnetic 
needle, supported on a pivot, is placed in the 
oeotre of ito eoli> and a card, gi a di— a d 
into 860*, ia filed lo toaid ▲ en wkich 
the coil rests, so that a line drawn from 360^ 
to 180** coincides with its Inn^ nxis. On 
connecting any source of feeble electricity 
to the cups £C, the current will traverse the coil, and the needle will move to 
the east or west, aooovding to the direction of the electricity (464). 

408. TUe ftna of moldpiiar will, it Is oli?ioaai detect Ihe existenoe of a 
eattuat oalf when it is sufficiently intense to overcome Ito dueotive aotioa 
of the earth, which tends to retain the needle in the magnetio meridian. If 
the current be ton feeble to produce this effect, its existence cannot be detected 
without ii-iti^' a much more delicate ini^trunient To the late Chevalier Nobili, 
we are indebted for the application of the attattc needle to the multiplier, 
dina emUiaK nt te deleot the ezitaeBee of canente of the lowest tension, fay 
aunattkig the dkeelife aetkm of die earth an tto needles The Allowing is 
n dMoiption of one of the oawj ftrflM of muMpUew that tove beeti pro- 
posed, and whicii r prefer on aceouttt of ils ealteuM Moeibili^, and tfas 
facility with which it is used: — 

It consibts of a firm base of mahogany, li, excnvated in the centre, and 
supported by four levelling screws, of which two are shown in the section. 
The eoll Aa is fimned of copper wiie one eixciethof an iaofa hi thtefcneaii md 
about two handred feet in length, oamfally eovwed widt eoltoa hi paaveal 
lateral contact This wire is wonad on a thin wooden frame two inobes 
square, the upper and lower portions of which are about one inch apart; this 
frame is lixed to a circular piece of wcxid passing through the board ll, and 
ending in the grooved wheel s, cpnnecied by means of a piece of cor(i with 
the piUJey r, moved by the handle jk, so that when the latter is turned, the 
ftame and coil ab are moyed loond their veitieal axes. The ende of the 
coil, after being twisted into a lone ipiial, ptoe thiough tfaa hoard, and ew 
soldered to the binding screws oe. The magnetic needles are thin, liglit 
fewing needlesp atout one inch and a half in length, powetaing tot^ nearly 
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die samt^ rlegree of magnetic intensity, nntl fixed about three quarters of ail 
inch apart, on a piece of straw or wire, as shown in the smnll figure, with 
their polp«« opposed in direction. The piece of straw is placed in the vertical 
axis oL the coii. so that the lower needle may be between, and the upper une 
above the ocnvolutioiis of wire; the whole system being supported by means 
of a filamentof ttospon iilk, or fine human hair, finm the arm being readily 
raised or depressed by means of the screw d. A cinnilar piecse of card gra* 
duated into 360°, is placed on AB,and before the instrument is used, the folds 
of wire oil the frame should be placed exactly parallel to the needles by 
moving K. A glass shade is placed over the apparatus to prevent any dis- 
tarbance ensuing from currents of air. If any source of an electric current 
be connected to the screws ee, the needles will immediBtely deviate from 
th^ previous position, the intensity of the current bein^ in general} as the 
sine of the angle of deviation, especially as the needles used always possess 
some plight directive power. To illustrate the delicacy of this instrument, 
place on tlie top of oiie of the brass screws go, a drop ol spring water, and 
having a piece of zaic connected to the other screw, immerse its extremity 
in the drop of water, the needles will immediately be moved by the weak 
current thus excited. The mnltiplier ootistitutes one of the most valuable in* 
struments in electro-chemical researches' that we are acquainted with. 

460. As all action is attended by its corresponding reaction (61), if in any 
of the experiments tJescribed, tlic mafinpfr' be fixed, nnti the conducting 
wires movable, thus reversin^^ Uie contliiions of Ujo experirucnt ; the wires 
will be acted upon by the magneto, and assume a constant position with 
regard to the direction of the current, and position of the magnetic poles. 

470. Let a thick curved wire be connected to an eleetromolor so that the 
current may traverse it; divide it in the middle, leaving about an inch be- 
tween the divided portions, and re-ronnwt them by means of a piece of line 
copper wire. On Hippino: this thin wire, whilst the current is passing through 
it, into iron jiiuigs, ihey will be altriu ted and adhere to it as if it had sud- 
denly acquired magnetic properties. The filings will be attached to the wire 
in the Ibrm of rings, about one-twentieth' of an inch apart, and will diop off 
the instant the current oeases to pass* 

471. Wires oondticthi^ electric currmts, ^ Jnt to move^ aitrad aihtr 
v^hen the ntrrenis are moving in the same, and repel each other when moving in the 
reverse dirfdion. To sliow this, let a frame, ABC, of copper wire he fixed to a 
piece of light wood, movmg on a pivot, the ends of the wire dipping into two 
concentrk; ceUs, filled with mercury, and connected by wires passing through 
the stem m to the screws re. These screws are connected by vrires to the 
Mwmr (466), which by the wires o'l is itself communicated to the two plates 
of an eleolromoior. A ounent thus tmveises the ftame abc, in » diiiotkm 



Digitized by Google 



Fig. 847. 




Fig. 248. 



i 



varying with the position of the bars of the inyersor. Let us suppose tliat 
the current of positive electricity moves in the direction shown bjrthe anows. 

Pliiee a thick carved wire, lit, in communication by means of cups of mer- 
cany, with the two plates s^V, of a small electromotor. Approach this wire 

Townrrls r: t]\e po'^itire r-iirrents will be descending both in C and in LX, and 
thus moving in the s(i>7u: direclion, the frame of ABC will move on its centre 
to meet lm, mutual altraction ensuing. Then move the bars of the invtrmr^ 
80 that the positive current will ascend in instead of descending, and ina- 
mediate rqwlrion will occur. 

472. By means of Boget*s electrical spiral, the mutual attraction of conduct 

ing wires conveying currents moving in the snme diroc- 
tion can be easily demonstrated. Thi;* corj^ist.s of a loose 
coil of thin copper wire ab, suspended from a metallic 
support z, connected with one plate of a battery. The 
end B just touches the surfoce of some mateuiy com* 
monicating the wire c with the other plate. On ea»« 
tablishing connection with the battery the wire ooil will 
rapidly vibrate longitudinally (Sf'). die coils approa' h- 
ing each other; the connection with the hattery is thus 
broken. The weight of tlie wire caus.e& u to fall into 
the mercury agaiui and the passage of the current is ro> 

Stored. 

473. The action exerted by a conducting wire on a magnet (463), is obvi- 
ously not a directly attractive or repulsive one; but is rather a tangential 

foree, by which the opposite poles of the magnet tend to rotate round the con- 
ducting w ire in different directions, and assume a state of equilibrium when 
the opposing actions of the wire on both poles become equally balanced. 
Reasoning on this fact, Dr. Faraday concluded, that if the action of the current 
could be confined to one pole only of the needle, a rotatory motion, providing 
no opposing forces interfered, might be prochiced. Afler a series of expert* 
ments on this subject, he succeeded perfectly, and thus developed one of tbo 
most interest) np nnd extraordinary phenomena in electrical science. 

The most convenient apparatus for illustrating the rotation of magnets 
round a conducting wire, consists of two slender magnets, Hs, hs, lixed equi* 
distantly from each other, with their poles in the same position, in the piece 
of wood <A, supported hjf a pointed wire B, so as to move readily on its centre. 
The middle of the piece of wood At is excavated, and contains a drop of mer* 
cury, which communicates by means of a curvefl wire dipping into it, with 
the external circular trough of mercury £. A pointed copper wire, suppor'fd 
by a screw at c, dips into the merenry in a; and is furnished nl its iipj - r t iul 
with a cup containing mercury, bO as lo be readily couuecttid \v iib au cico- 
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Fig. 249. 



tromotor, by means of the inversor (466). The cup 
c and trough £ are then connected, the former with 
the copper, the latter with the zinc plate of the elec- 
tromotor. So that the positive current descends from 
c to A, and then reaching b through the curved wire, 
escapes to z. It thus acts only on the poles kn of 
the magnets, which if austral poles, will immediately 
begin to rotate round the conducting wire c, from left 
to right, or in a direction like that of the hands of a 
watch. By turning the bars of the inversor^ or other- 
wise changing the direction of the current, the direc- 
tion of the rotation will immediately become altered. 
The same thing also occurs, when tlie position of the 
poles of the magnets are reversed. Let the magnets 
or currents be arranged as they may, the direction 
of the rotation always corresponds to the formula of 
Ampere (464). It may here be remarked, that in 
this as in all other experiments in electro-magnetism 
where wires dip into mercury, their ends should be 

cleaned and amalgamated^ by being dipped into a solution of nitrate of mercury 
to ensure perfect contact. 

474. In accordance with the law of equality of action and reaction, if the 
magnets be fixed and the conducting wires movable, the latter will readily 
rotate round the former. This may be very easily shown by means of the 
horse-shoe magnet nb, placed in a vertical position, with circular troughs ab. 

Fig. 250. 





screwed upon its legs ; a light wire frame supported by a fine steel point from 
each pole of the magnet, is so arranged that its vertical branches just touch 
the surface of the mercury in ab. Each of the wire frames terminates in a 
cup containing a drop of mercury, into which the ends of the cross wires from 
1 dip. Connect the cup of mercury e, by means of a wire, with the copper 
plate of the electromotor, cither directly or by means of the invergor, and let 
the wires c«, coming from the circular troughs ab, be both connected with the 
«inc plate of the apparatus. Under these circumstances a current" of positive 
electricity will pass from the copper plate to the cup », and there being divided 
into two portions will descend the vertical branches of the wire frame, and 
teach tlie troughs ab, leaving the apparatus by the wires cz. Directly the 
current is in motion, the wire frame suspended to the north pole of the magnet 
begins to rotate rapidly in a direction from left to right, and that round the 
south pole, in a contrary direction, from the reaction of the fixed magnet on 
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monAle eondiieciiig wires. If the dveetkm of llie current be rerersed, 
either by altsnng the connections wMi electromotor, or by thifting the ban 

of the inversor, the dircf^Tion of xhe romtinn will nl?o hf»fv>me rever^exL 

47rx The rotation of a con<lucting wire may be al?<> convLiuPiiiiy shown, 
by b< ii inig two wires into heliacal coils iike corkscrews, and ailuwxng each 
to rest by <me extremity on the depresoon on each pc^e of the hoi bo iboe » 
iDBgDet (474), the dfaer end dipping inio tlw meramy in the eiicater iraacihe 
Am, On oooneeting one of the leuer with the tSaoD, and the other with ilie 
copper plate of the electromotor, the current will ascend through one helix^ 
descentl the pole of the magnet which «5npports it up the other p>ole. and 
reaching the second helix will descend along^ it; nr\d thus by the mercurial 
trough into which it dips, reach the zinc plate oi the exciting apparatus. In 
this variation of the experiment, the hetiseal coUv of wlie will rotate roond 
eilfaer pole t» the mmt dMion, becanse whilst the positive eamat aaoends 
in one, it descends in the otlirr. 

4 76. 1£, instead of submitting a conducting wire to the fiction of one magnetic 
pole only, it be so arranirefl as to l>e exposed to the influfiice of lx>th poles, a 
vibrating, instead of a roiatury, motion ensues. Let a liL'lit wire, w, suspended 
from a brass rod connected with the cup of mercury, c, so that its lower end 
just dips into a cavity cot out in the baas of the iostratnent, filled with ms^ 
ooTf , be oonneoied bf a wire with the cup s. Let a hotse^ahoe magnet fas 

Ti^ 2S1. 

1 




placed, as e^lir^wn in the figiirc, and conncft c with the copper, and z whh 
the zinc piute of an electromotor ^ the current of positive electricily will de* 
aoend w, and being acted upon by both poles of 4he magnet, the wire will 
tend to rotate to the right, mund the owifrai pole, ir, and to the left, roond lbs 
boreal ix)le, s. As it cannot at onoe obey both these finces, opposed in direc- 
tion, it takes an intermediate course, as would be expected, from tlie law of 
composiTinn of forces (64), Rnd is thrown forward? nut of the mercnrv, in the 
direction indicated by the arrow. Conne<^tion bf!n<; iliiis broken with the 
battery, the wire, by its gravity, falls into the mercury, and is again thrown 
out, keeping up ^is pendulum-like motion ibr a long time. Let the diieslion 
of the positive current be changed, or the position of the magnet be reversed, 
and a vibmting motion of the wire, in an opposite diieetkm, or baekwardi^ 
will ensue. * 

477. If the electric current be made to pass through a spur wheel, w, la* 
Stead of a wire, a rotary movement between the poles of the magnet ensues. 
ThuS| if tiie poeiiive current passes ftom the cup c to the axis of the whesl 
w, it dasoends through Uiat spoke which happens to dip into the meiemy,and 
passes fiom thence to s, and to the zinc plate of the electromotor. As soon 
astheotutentdesoendstheiadiiisor the wheel, the poctioo <Uppii«lBm ibt 
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mmmry Is iStuomm. out, as In Aw vibcBttng wife; aaotfaer spoke of die wheel 
dips Iota the menmijr, end Is thtowo out In its tivn, and so en, a oontinual 



rotatory motion ensuing. If the direction of the polt s of the magnet, or of the 
electric current, be reversed, the wheel will still rouite, but in an opposite 
direction. The wheel w may be replaced by an entire disc of meiai with 
■dfantage, as Uie motion Is then mofe nnilbnii and continned. 

478. Er a horscHBhoe magnet be approached lo a suspended rectangle of 
vire, through whose sides an electric current is pasting (471, a, b, c, u), it 
M il! ho fnrcibly attracted, whilst tlio current is passing, and the poles of the 
magnet placed in one fHrcction; ami repelled, if either of these positions 
be reversed. This apparent attraction is reiiiiy owing to the same cause 
which determines the vibration of a wire suspendetl freely between the poles 
of a magnet (474). The rectangle having a tendency to rotate, in common 
with all conducting wires (474), round the poles of the magnet, in opposite 
directions, it is compelled, by the law of composition of forces, to advance be- 
tween, or move from, these polea^ according to the positions in which they are 
respectively placed. 

479. If the freely suspended rectangle before described, through which an 
sleotrie current is movingi be left to itself, uninfluenced by any oppositig cause, 
it wilt be acted upon by the magnetism of the eartb, and will assnme a de* 
flnite position; which it will, if sufficiently mobile, regain, when disturb^ 
from it by any npplied force. That fare of tlio rectnngle through which the 
po?^!!ive current iii moving in the direction of ilie liamis of n watch, always 
turning towards the south, whilst the other, or liiai in which the rurrt nt of 
pQfttive electricity appears to move from right to left, or opposed to tiie hands 
of a watch, will assnme the properties of an austml pole, and will conse* 
quently point to the northern hemisphere of the earth. Thus In the figure 
referred to (471), that face of the rectimgle ab€, which Is there represetited, 
^ill regard ihe v»nth polo of the eart]i; the current of positive electricity 
lltoving in it from left to right. If the conducting wire be bent into a circular 
or other tigure, it will present the same phenomena as the rectangle j the 
ihape Doi Inflnendng its properties. 

4S0. Instead of using a single ibid of wire, as « circle, or rectangle, 
several convolutions be employed, its polar phenomena will be proportionabljr 
iDcrenyed. This may he very satisfactorily shown by means of the little ap- 
paratus contrived by l)e la Rive, consistiti^' of a plate of zinc, z, about an 
inch square, placed between the folds of a bent plate of copper of the same 
iiss. A pieoe of copper wire, covered with silk, is soldered to the copper 
piste, and alter being twisted into about twenty olrcniar onls, b, kept close 
^il ^h fr bf means of thiead, la fixed by itt other eaEtremity to the zinc plate. 



Fig. sse. 
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Fif. 953. This apfMmtw is placed in a shallow wooden cnpi 

A, filled with diluted sulphuric acid, and, on allow* 
ing it to float in a vessel of water, the whole will, 
after a few oscillations, arrange itself in the mag- 
netic meridian. The actioQ of the acid on the plates 
cs developing suffident eleotrkatf to caiiM ib» eoA 
B to present njagiMiie phenoiiieiA: diat M pest, ia 
which the positiva current appears to be moviof 
from left to right, regarding the southern hemisphere 
of the earth. On presenting a magnet towards the 
coil of wire b, whilst the apparatus is in action, at« 
traction and repulsion will ensue, as if the wire itself had really become a 
magnet 

481. The pecaliar pohir properties of this eoil of wive majhe heanlifUlf 

shown by fixing it on a pivot, in the centre of a shallow oirenlar trough of 

mercury, divided into two portions by a little wooden partition, as shown at 
AD. Tho ends of the wire coil are pointed, and so long as just to touch the 
surface of the mercury in the divided box ad, as it, by capillary lepuluon 

Fig. 254* 




rises above the level of the partition widiout overflowing. On connecting 
the two cells of mercury, by means of the wires, cs, with the two plates cf 
an eleetromolor, and placing the whole between the poles of a horseshoe 
magnet, the Wire coil, b, will revolve rapidly, from the two fluses of the coil 
being alternately attracted and repelled by the magnetic poles ifs, and the di» 
reclion of the current traversing it being reversed at each half revolution. 

482. The coil of wire used in the preceding experiments may be regarded, 
as long as the current traverses it, as a Jlat magnetj but if the convolutions, 

Fig. 255. 
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iMCead of being nettly In tba mm plaiMi be drawn Ont^ so ae to lepieeeota 

long helix, as ab, its apparent magnetic properties become much more distinct 
Lpt a wire, covered with cotton or silk, be coiled on o jjlass tube, in a direc- 
tion fruni leU to right, forming a right-handed helix, and be supported on a 
pivut, at c, its two ends, ds, hanging down, and just dipping into two con- 
eemrie tnoogjis of OMKcury, oonaeeted with thie eerewe, ks, ae in the support 
of the lectaagnlar .oondoetor belbre deaeribed (471). On oonneedng these 
screws wkh the two plates of an electromotor, the electricity will travefse 
the heliaonl oonfUictin^)^ wire, wlii -h, afror n few o^eillations, will arrantre 
itself in the niai!;rietic meridian ; that end in whieii the positive current moves 
from left to right, pointing towards the south pole of the earth. The two 
extremities of this helix are respectively attracted or repelled by the poles 
of a magnet, as long as the electrio eorrent trayeTsee it, as completely as IT it 
Veie a perman«at steel magnet. Ampere, to whom we are indebied ibrdie 
Imowledge of the properties of this and other heliaflal condnclors, has termed 
it the elertro-ffynamic ryKnder. 

483. The most interesting pniperty of this heliacal conductor, is its power 
of inducting actual magnetism in a bar of soil iron, placed in its interior. 
Tlni% if a bar of soA iron, in wbiah magnetism is readily ezoited, be placed 
in the helix ab (482), and a current of eleetrieity be made to pass through 
the latter, by connecting its two extremities with the plates of an electtomo* 
tor. the bnr of iron will instantly acquire the power of nttractinpr another piece 
of iron, and indeetJ present nil the properties of a powerful magnet. These 
magnetic pro|»erties are, however, transient, and are manifested only whilst 
the electric current is traversing the helix, vanishing altogether on the electci- 
oily ceasing to pass tiirough Uie wire. 

As in this expeiiment the electricity does not snter the inmt but merely 
passes round it in the coil of wire, we learn that an electric current travers- 
ing a wire possesses the property of inducing magnetism in iron bars bronj^ht 
wiiliin its intiuence, and placed with their axes at right angles to the direction 
of the current. If they be not placed in this i)Osition| the magnetism induced 
is proportionably weaker. 

484w If a bar of soft iron be bent in the shape of tho letter IT, and be oo- 
vned with sevoral series of folds of copper wire, insulated by being covered 
with cotton, and a current of electricity be transmitted through the wire, by 
connecting its two ends to the yilates of an electromotor, the intensity of the 
induced magnetism will become very obvious. On placing a smooth bar of 
soft iron opposite to the poles of this electro magnet^ it wiii be attracted, and 
reoniD ftmily adherent; and an immense weight may be suspended to the 
bar without separating it froi n the poles of the magnet In this manner, sfa^ 
^nag mUt capable of supporting several hundred-weight, and even tons, have 
beon ooj>««trnrted. It is remarkable, that if thf^ contact with the electromotor 
b*? broken, \^ Ijilst the pole** of the electiX)'mB[j,tiet are unconnected with each 
other, tije induced magnetism will, if the iron be very soft, nearly entirely 
^■nish. fiut if the poles be connected by a bar of sofl iron, before communi- 
csiion with the sowoe of electricity be intemipted, a considerable magnetic 
Miteniity is left in the eurred iron bar, and is permanent so long as its poles 
are ooniiecied, disappearing only on the iemo?al of the piece of iron adhe ring 
to them. 

48.'>. If bars of hard iron, or steel, be substituted for soft iron, litle or no 
magnetism is developed, so long as the electricity traversing the helix in which 
they are placed is of low tension. But if a current ftom a powerfiil voltaic 
Mety, or the discharge of a Lsyden jar, be tiansroltied through the coil of 
wire, the included bar» if it be small, as a steel needle, becomes permatmUly 
aiegnetio, its polar pioperties not disappeaiing» as an the case of soft iron, on 



Digitized by Google 



9f0 



BIJBCTRQfMllJjniM* 



tlie <%ssatton of the inducing cnrrent. la every case, the direction of the poles 

of the induced eleotro-mnLtnet br nrs n constant relation to the ooiirse taken br 
the electric current, and is the same a^^ that in the eiectnxiy naxmc c/iuuder 

48dw The pheoomMA of tho etoetrio indiietioii of nasnetism onajr be ben* 

tifully shown lif meaae of a oontrivenoe of the 
Big. 256. Dr. Ritchie, consisting of a har of soA iron, rapponaA 

by a pivot, nnd covered with a coil of insulated, cop 
per wire, tlie two extremities of which just touch 
the fiurfnce of the mercury contained in a circular 
trough, divided into two cells by a transverse suy 
of wood. In margiael figure, m k en upright 
horse^aboe mageeC, hewing the bur of izoQ a oorered 
widi a coil of insulated copper wire, supported hf 
its pivot over the two-celled vessel nf mercury B. 
On connecting the latter by the wires t z to die two 
plates of an electromotor, the bar a bcconu a a tem- 
porary magnet, and, if the connections be properly 
made, it* ends aMame the tomt polar Mate aa tbe 
poles ss, to which tbef are oppoaed; of oonrM^ 
paWon ensues, and a performs half a reyolution : here its witaa pan over the 
•wooden partition, and rhppiug into the opposite cell'? of mercury, itji polarity 
becomes reversed, and 5^0 on: the bar ▲ revolving v\ it}] immense rapidity, and 
having its polarity reversed twice duriug each revolution. During the aclioa 
of this apparatus, as well as that of the rotating coil o£ wire (481), a loud htun- 
mlng noise, oAen amounting to a loud mnsioal aound, is essited bf the lafnd 
Ttbraloiy moliOB assaroed 1^ iIk fixed magnet during the i^pid revolution of 
the electro magnet, or wire coil. This musical sound is remarkablj well ob* 
served when the m?>pnet is supported by three levelling screws, on a smooth 
table ; and if the apparatus be large, it much reseoibles the drone of the bag* 
pipes. 

487. If die electro-magnet (480) be about Ibar or five inches m lengllH it 
wilt folate 1^ the magnetism of the eardi, independent of mej steel magnet 
in its neighborhood. Care must in this case be taken to plaoe the bar in the 

ranfrnetic meridian, and allow the electric current to traverse the wire coiled 
round it, in such a direction, that the poles of the temporary magnet may Ix* 
such as will be repelled by tlie hemisphere of the globe, to which they are 
opposite. 

488. It has been proved that a condoeUng wire and a magnet, by tbsir 
noiuat Maction, tend to anange themselves in it diraotion at light ai^|;las to 
each other (463V and diat if the action of the current, or what oomea to die 

same thinjr. of the wire conveying it, be limited to one pole only of a magnet 
at a time, they will tend to rotate round each other in a given and constant 
direction (473, 474). Wires conveying currents, it has Ijern shown, also pivs- 
sesb the properties of mutual attraction, or repulr>ioii, acc<irding to tho diree* 
tion of the electric fluid (471), and of being acted upon by the magnetism of 
the eardi, or of a steel permanent magnet, arranging themselves in • eonsiant 
diieetion, with regard to the poles of either (478). Ampere has eUanded 
tbe.«e fact^ still further, by showing that two electric currents properly ar- 
ranged will even tend to rotate round one another, providing their dirertinn 
be at right angles to each other. Thus, if a Jiced current of electricity be 
supposed to be moving from x to a, as in fig. 1, p. 251, and a movable cur- 
rent be supposed to be phased as in en, whilst the positiTO flold in ab and c» is 
moving in the dlreotion shown by die arrows, attraction wilt take place be* 
tween the current xa and ca, in the angle csa ; for if on be inoiined towarda 
sa, the currents in each will be moving in the same direction. EepnlskNi 
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wHt be tSMftsd in the «Agl e aic, between cn and ax; fbr if cd be sunpoeed 
t» bm inclined towwdt At, the oamnts in each will more in oppodte direo- 
liooflb If then iIm current abb be obonlnr, the moTablo cimmit cb wfll 

tend to revolve round it. 

489. Tbi8 may be proved by surround in the circular copper trough w,fig, 
2, with some thick insulated copper wire, connected with the binding screws 
BC. The raetallic support s is connected, by a wire, with the screw or cup c, 
and the tioagh v itself with the eeiew or onp z. A light wire frame, abh, 

Fig. 257. 

c 



Fig. 3. 




furnished with a hoop or circle of thin copper, is provided with a pivot at B, 
by w^hich it may rest with as little friction as possible on the support s. Fill 
V with dilute sulphuric acid, place abd on s, so that its hoop may just dip in 
the dilute acid in connect cz and cz to the copper and zinc plates of an 
eleetioiiiolor, respectivelj.- Under these eiieomslBnoes, currents of podtive 
electricily will tniTerse die wire woond foond die trough v, and along the 
Ihune ABB, in the direction pointed out by the arrows : and the horizontal 
circular current in the wire acting on the descending vertical currents in abd, 
will cause the latter to revolve in a direction yarying with the coarse of the 
current in the wire surrounding the vessel v. 

490. From the phenomena detailed in this chapter, a highly ingenious 
theory of magnetism has been proposed by Ampere, diflfering altogether ftom 
the eonventional hjrpothesis already explained (258), in denying the existence 
of anf magnetic matter as distinct from electricity, and considering that all 
magnetic phenomena are but the visible effects of invisible electric currents, 
permeating the iron bars or other substances in which they exist. According 
to this theory, every molecule of a magnet must bo regarded as being sur- 
rounded by a current of electricity, oonsland/ and perpetually ciieulating 
anmnd it ; and thai the only difibienee existing between a magnet and a mere 
bar of iron, is simply, that in the latter, the electrici^ present is in a latent 
and quiescent state; whereas, in the former, it is in a state nf rapid rotation 
around each ultimate atom or particle of iron. All the effects profhiced by 
these elementary currents, may be theoretically represented by a set of re- 
sultant currents surrounding the mass, as shown in tiie following figure. The 
end m of soeli a bar will the aostial pole and point towards the northern 
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Ii«inif|iliei« of the ^obe, becaase there the oafmits of pomtive electricity re- 

prwented hy the arrow*, are moving in a direction from IrA to right, or op- 
posed to Uioee of tho liamia of a watch (479.) The opposite end will, coor 

Fig. 253. 

1'IXED" 

■equently, be tonal pole: fiav, on looking at the Ace s, ae diowii at 
die onrranii will ^ffw to be moving from left to right; Ibr the same feaflda 

that a word is seen backwards, on looking at it thteogh the paper OfL which 

It is writtfTi, liy hnj lin^ thp latter IxHween the oyo and the light. 

491. Thr iutmction l>eiweea the mRgnetic poles of different names, and 
repulsion between lh<»e of the same kind (254), are on this theory explained 
by supposing that, in the ibrmer case, the elementary curreots are moving 
in the «me, and, la the latter, in diffsient, diieetioae (471). The roiatioa 
of a ooodncting wire round a magnet (474) becomes also reduced to the 
simple case of the rotation of a vertical round and horizontal current (-1S9); 
for all nin£r?iet«», it mii«t recollected, are, on this hypothesis, siipj>o5ccl to 
have myriads o( currents iruversing them, Iq a direction at right angles to a 
line connecting their poles. 

On thii tbeoiyi alao, the magnetiim of the eardi ie explained, by supposing 
the exiflenee of current* of eleetricitj constantly trayeieing it in a direetioD, 
of the positive, from east to west, and of the negative fluid, Item west to east. 
It must be confessed thnt, opposed n«< thi'' vimv is to the generally receive'! 
theories, it has received mucli support iiom the recent discoveiies in electro 
mafoetio induction (493). 



CHAPTER XVm. 

BUOrmO-BTVAltlC tSeVCTIOir, Oa XAOirXTO XLSCTBXClTr. 

fhnitra I StatemetUj 49d. Secondary currenii tadbieed^ 6y dectriaty^ 4 93 — fiy SMgiiib^ 
494 — by electro-magnetij 495— m the tame conductor with the primary atnent, 

496 — Cdlor^eff'ect$of,491. Shock from secondary current ft, 49^. Cuntr\li 
excilzd by revolving disc^ 499. Ekclro magnetic machines, 500 — without iron, 501 
— with alternalifig airrents^ 503 — tingle cttrrenUf 505 — with an electro nui^nti^ 
510. MagnaHc theory of Jmpere, 512* 

492. Or all the numeions and sncoessfiit reseaiefaes made hy Faiadsjr, is 

the different departments of electrical science, none are of greater imporiaooe, 
or tnore worthy of deep attention and study, than the discovery of electro- 
dynamic induction, which was made by that philosopher in 1831. Asa 
brief generalization gi tius discovery, it mny be staled that, wheflevei p 
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«lMlll0 ennrent traversefl a wire, it excitee a oonpent in an oppoiite diiootkm 

in a seoond wire held parallel to it ; and on suddenly supping the primary 
current, the, induced one re-appears, but in an opposite direction to that which 
it first fbl lowed. Whenever, also, a magnet is moved bt^forc a conduclmg 
wire ill any manner, but especially when the long axes of butli magnet and 
wire are at aright angles to each other, similar electric currents are excited or 
indneed in the wire. These vndneti or iMonAry enrrents are but of iiioiiieii^ 
ary diiiBlioii, appeariag ociljr at the inslaot the prlmaiy or indnoiiig onnrent ' 
either effects its passage^ or ceases to pass through the wire and, when ex* 
cited by the mapmet, existing only during the movement of the latter, «rf?i**j[ 
the instant it comes to a state of rest 

493. Coil on a wooden cyUnder, about two inches long, and an inch in dm* 
meter, about eight or ten feet of insulated copper wir& (i e., covered with 
cotton or silk thread,) and let its two ends projeot; call uiese ▲ and a ; OTer 
this, coil forty or ^Hif feet of copper wire, also insulated, and separated fiom 
the first coil by ^veral folds of silk; call the free ends of this second coil, co. 
Tlien connect cd to the screws go of the multiplier (168), and a to one of the 
plates of an electromotor (400): suddenly brin^^ b in contact with the otlier 
plate, and immediately the needles of tiie multiplier will move from an in* 
dnoed eleetrio current, traversing the epil ca. This being onty of momentarf 
doratioii, the needles will sooo regain thmr former positiOD : then rqpu% re> 
moTe m from the plate of the electromotor with which it was previoosly ia 
contact, and the needles of the multiplier will again move, but in an opposite 
direction to that in which they first deviated. In xh\°> exy>eriment we see that 
a current traversing a wire induces a. seooridary one in a wire parallel tu it, 
^considering the curves fi^rmed by the wires as being constituted oi an infinite 
aeriea of planes,) both at the instant of making end bmking coimeotioii with 
the source of electrtciiy. These currents axeaiways opposed to eadi other ia 
direction, as proved hy the multiplier, and must be considered as arising ftom 
induetion^ because the wire traversed by the primary or battery current was 
insulated completely from that iu which the tmmtntMry current, acting on the 
multiplier, was developed. 

494. Coil on a hollow cylinder of pasteboard, half an inch in diameter and 
three inches long, about fifteen feet of w iirf a lg d copper wire, and connect its 
two ends to the screwe ee of the multiplier (468) ; then pass' into the hollow 
axis of this helix a cylindric magnetic bar : the needles of the midtiplier wiU 
instantly move, showing the existenc e of a current traversing the coil. Allow 
the bar to rest in the cylinder, and the needles will return to their primitive 
position, the induced current disnppca rins^. Suddenly iri/Wraio the magrnetic 
bar, and the ra^Jid moiiuu ui ibe nectiies of the muitipiicr will indicate the 
momentary existence of an electric current ia a direction ihe reverse of diat^ 
which appeared on InlnNiHetig'the bar into the helix. If the opposite pole of 
the bar be passed into the coil, the induced current will be in opposite direo^ 
tions to that produced by the action of tlie other pole. 

495. Wind round a cylinder of soft iron, or a bundle of iron wire, a few 
feet of insulated copper wire; let its free ends be called ab. Over this coil, 
wind about twenty or tliirty feet of iiisulated copper wire, carefully separated 
from it, and connect its free ends to the multiplier as before. On connecting 
AM to the plates of an electcomolor, an electric current will pass through it, 
and convert the included iron bar into an electio>magnet (484). The magnet- 
ism thus set in motion in the bar will, like the movement of the permanent 
magnet (494), induce a current of electririty in tlie outer coil couiu ett d with 
the multiplier, and its needles will be poweiially acted on. Then break con- 
nection with the electromotor by removing a or a from the plate with which 
either was in contact, magnetism will vanish from the iron bar, and an cuac 
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getie canent of cleetiicity in an opposite direction will be excited in the inner 
coil, causing; the needlct of the maltiptier to denaie with reHoaiif fiom thdr 

fbtmer position. 

496. A second coil of wire is by no means necessary for the development 
of an electric current: a single length of insulated wire, coiled into a tolera- 
bly compact helix, having an indnoeil cnnent excited ia it in iNie ^eeiiOB^ 
OB makimg connection, and another, in an opposite diiectimi, en Ifenfti^f con- 
nection with the battery, or other source of declricity. These induced co^ 
rents, like those before described, are but of momentary duration, and are al- 
ways opposed in direction to the primary current; they may be considered as 
arising from the reaction of the primary current traversing each fold of wire, 
on the electricity naturally present in the adjoining folds. In this manner a 
explnined the appeennoe of a Tivid flash of light, obeemd on 6iwilii%^ cca* 
section with a nnall eledvomoior, bj means of a wire folded into a ooai|Ml 
coil, wliilst scarcely the faintest spark is perceived when a short wire,cr kog 
tm/olHed one is used. If connections be made and broken by means of a cup 
of mercury, the vividity of the lif^ht is increased by reflection from thelwilliant 
Burlace of the fluid metal, as well as from the latter undergoing combustion 
by the force of the discliarge. If the wire be folded round a bai of iron, tho 
induced magnetism will inereaee the intenflily cf the eecoodaiy oonenl^ aod 
conseqaent splendor of the spark, on breaking conlaetwitfa the aomoe of el» 
tricity. In this manner are explained the vivid tpaxks observed dnrinf dM 
rotating of a flat coil (481), and of an electro-magnet (486). I 

497. If about sixty feet of thick irmtlated copper wire be wound into a short 
compact coil or helix on a short wooden r^l or bobbin, the efl^ects of these 
secondary currents may be beautifully observed. The battery employed may 
be an etoctrooMMor of a single pair of plates (400) ; let these platet be callsA 
s and c. 

(A.) Connect one end of the helix with z, and fix on c a cup of meMTf 
introduce the other clean and sharp end of the helix wire into the mercury, 
and withdraw it with a jerking motion, a vivid flash of light will ensue. The 
heat evolved is sufRcient to inflame ether, or gunpowder, when placed on the 
surface of the fluid metal. 

(B.) GonneetoneendoftbeheIii,a8befiin^toB,andfixoaeaciaaniMl 
flte, draw the other end of the wire over the sorfkce of die file, and a saoM^ ' 
sion of brilliant sparks, from the brilliant combustion of the ileeli will appwr. 

(C.) If connection with the electromotor be broken by means of the helix 
arranged as before (B.), but with one end of the wire furnished with a piece 
of leaf-gold or silver, combustion of these metals, attended by the evolution of 
their chaiacteristio light (427), will ensue. 

408. Let about 200 or 250 feet of fatafafsif copper wire be odled on a hol- 
low wooden bobbin or reel, about two inches 
long; and furnish each end of the wire with 
brass or tinned iron cylinders, ab, terminating in 
metallic |X)intM, cd. Grasping these cylinder* 
with the hands, immerse c in a cup of nieaury 
connected with the plate of the dectiorootor, and 
s, in a second, connected with tlie other plai0i 
suddenly withdiaw one of them, as a, and lbs 
secondary current thus excited, in completing tH<^ 
circuit from a to B, rushes through the arms ol 
the person grasping? ihem, producing a severe 
electric shock. If the hands be moistened, to 
render them better conductors, and connefllint* 
made and braken widi die eleccrooMior, by connecting o to one plMi^ vd 



Fig. 259. 
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dmwing b over Ibdiwrfroeof a file oonneeled with dia other (497, B), a mpid 
succession of vary painful electric shocks will pass through the arms and cheat 

of the operator. By placing in the hollow axis of the reel a bar of eoft iron, 
or, still better, a bundle of soft iron wire kf, the intensity of the induced cur* 
rent, the vividity oi the sparks, aad strength of the shocks, will become re- 
markably incieuiied... 

Theao sbooks have hean by many paisons most etimisously rossidad as 
piodnood bfa duglopairafphitesi whereas th^iaillyarise Aoma see o ndaiy 
indooed current, quite independent of (except that it is excited by it), and 
fiir exceeHinf!: in intensity, the eiinrent originally generated by the electromotor. 

499. In all pieces of electro magnetic appamUis, in which the contact with 
the battery is suddenly broken, a vivid spark is seen from the induced cur- 
rent excited by tiie action of the magnet used, on the conducting wire. This 
may bo aeen in the vibiatuig wiie (47((), wheie eaeh time the moving wiio 
leaToa the meieitfy, a Tivid spark is ofasorved ; although the eleotioinolor itself 
umy be incapable of affording cme. The existence of these currents may be 
very satisfactorily prov^ by meanf of the revolving disc (477), by replacing 
the stellated wheel w (see fig.) with a disc of copper, so large, that it may 
just dip into the mercury in the trough. Allowing the magnet to remain in 
its place, connect the cups zc with the screws eeof the multiplier (468), and 
cense the diso to levolye npidly, by giving it a sli^t blow with the finger ; the 
needles of ibe multiplier will immediately move from the inflnence of an 
electric eorcent emsited bj the indoedTe aolion of the magneton the revolving 
disc. 

5(X). The currents thus excited (493 — ^499), are available for all the ex])e- 
riments in which ordinary voltaic electricity is applied, and various pieces of 
apparatus, termed magnkiHkelne and dtetro-magndic maohinesi have been 
contrived Ibr the purpose of exciting them with rapidity. Theae may be di- 
vided into three principal kinds» in two of which an iieetrk eurreni is em« 
ploy^ as the primaiy i>7r^H"C agent} and in the other, a pmuuient magnet 
is used. 

501. The simplest and most convenient form of electro magnetic machine 
is founded on an experiment aiready described (493), and maybe constructed 
by winding on a wooden reel, about three inches in length, with a hollow 
axis, six^ &et of insulated copper wire of about the sixteenth of an inch in 
diameter, its terminations being soldered to binding screws : this is termed 
the primary coil Over this, wind about 1300 or 1 100 feet of insulated copper 
wire, about the sixtieth of an inch, or even less, in diameter, and st^lder its 
terminations to binding screws : this constitutes the secondary coil. If then, 
the primary coil be connected with the electromotor, whilst the ends of the 
external or secondary coil be held in the hands, especially if tin or copper 
cylinders be used to incieose the extent of surface for contact with the hands, 
on breaking contact with the source of electricity, all the electric fluid present 
in the exterior coil is set in motion by the inductive influence of the primary 
current, and passes through the \x)dy of llie operator, producing a severe shock. 
If the temiinations of the long wire dip in acidulated water, ur rest on paper 
mojatened with a salt, as iodide of potassium, electrolytic action results, and 
the proximate dements become sepanted. 

fiOS. It is obvious that some means of breaking contact with the battery 
with snfficient rapidity is necessary to ensure a rapid succession of electric 
currents; and for this purpose various plans have been proposed. Ratchet 
and cogged wheels have been long employed for this purpose j but as they 
involve the necessity of being turned by the hand, they are very troublesome. 
If any apparatus of this kind be employed, instead of a cogged wheel, a cy- 
Under of wood having two baia of metal inltud, connected with the eleotiomo 
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fx ^tmn^ibB primary aiUtAoMh^vmd, A brass spring, conn ectet! ^ith 
the other plate of the f>ntter)r, pres«^es upon the cylinder, and on causing the 
Intter to revolve by tnoans of a multiplying wheel, the contact with the bat- 
tery may be rapidly broken. Connecting the primary coU to the eiectromuiuf 
through the medium of the vibrating wire (476), iieilltttd wfaoal apfNuM 
(477), or still better, of <b© lotatiair (481), or magnet (484)^ will wmwm 
ynrf weB, as contact will be eAetnally broken aeveml times io m eeoond, hf 
their action. I prefer, however, a little apparatus which I have descrih'-i 
elsewhere,* consistinpr of a li?bt iron Ix^nm vibratmg^ between two fixed mag- 
nets; tbi? rmnWes lis in break contact aix)ut 4UU times in a minute, and cod* 
sequentiy allords a rapid succession of currents of induced electricity, 

503. The most convenient (brmfKfdieelectRMnagnetieniadUiie^li^^ 
the Jbllowteg; it it fiir mperiov to that which I oootri^ed, on aoooimt of in 
odftidnij of aetkit snd ditpensing with the uae of mwrntj. h coBidBts oft 



Fig. 260. 




wooden bobbin a, on which the two coils of wire alr^dy described are wound 
(501,) the ends of the long and fine coil being soldofed to the binding tcfewi 
BO. An end of the ihort and thkk (primary) coil it toldeied to the begth 
ning of the odpper wire surrounding the two IHtle vertical ban of soft iron, its 
end being connected with the screw o. The other extremity of the short coll 
is »3ldered to the base of the brass rnhimn d. Tliis column support? a slip 
of elastic bmssi, bearing at its end a disc of soft iron, suspended over tlie ver* 
tical iron bars. A slender screw k, furnished witii a plaiiuum point, pa&»e6 
through the top of a bent support of brott, and fiently presset on a pbueof 
the tame metal flied on the ttip of blast below it. The end of this tnpport 
is connected wiUi the binding torew V. All these conneotiont axe made ante 
the base of the instrument. 

On connecting a sinjrie pair of platos e, with the screws fo, the iron bars 
become magnetic by induction (4b4), and attract tlie disc above thenx. This 
being drawn down, breaks the contact betw^een the end of the screw K and 
the brass spring, and of eoarse the magnetism in Ae bars vanishes. The elss- 
tioiiy of the spring causes it to touch the end of k; contact is thns made, the 
bars again become magnetic, and so on. The oourse of the current ftom ilie 
plates T. to the primary coil on a brinp^ thus interrupted and renewed manr 
hundreds of times in a minute, a loud musical sound is produced hy the vibra- 
tions of the brass spring. Oi course with each of these renewals and int*^^ 
ruptions of the primary current, imluced currents traverse ilie secondary coil, 
whioh becomes remarkably increased on placing a bnndle of soft iron iriie it 
the hollow axis of the bobbin On then grasping a pair of condoelors ofit^ 
nected with BC in the hand, a rapid suocessbn of sevete shoeks will be eips> 
rienced. 

504. From what has been already remarked (192,) it is obvious that the in- 
duced currents thus excited will be alternately in opposite directions. Tlum 

* FfciL Magsiiins^ Meveaabsr, 1837. 
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excited wlien contact is broken with the battery being much more energetic 
than those excited when contact is made. The IbUowing experiments wall 
be found instnictiTe. 

A. Plaoe on a plate of glais a iKp of bibnioiis paper, a miaad sobitkMi of 
ataeht and kdide of poteaniuii; let the points of two pMrnim wins fixed to 
the screws bc rest on this paper, the blue iodida of amidine will appeei at 
both wires, a mu<?b larger quantity being developed at one than the other. 

B. Let two platina wires b be thnist through a cork fixed in the end of a 
glass tube filled with dilute sulphuric acid. Connect the wires with the 
flotawa BO* A tonrent of minute bubbles of mixed oxygen and hydrogen gases 
will be eVDhred fiom both wiiei. One giTiiig off, hawtvett mneb move tbaa 
Ilia oiiier. 

Fig. 361. ( \ 




505. The apparatus juBt described may l>e conveniently (tailed the eleetro- 
magaetic maclxine with alternating currents. It ib, however, often important 
to 1m able to obtain die indnoed eurrentfl eepantely, henoe the contrivance of 
the eleetKHnagnetb machine widi single eaitents. The fbllowing is the most 
ooovanient arrangement of this kind, as contact is broken by solid conductors. 
In this, the double coils with their axis of iron wire, are placed in a box. One 
end of the primary roil being soldered to the screw D, tlie other to the brass 
upright K. A wooden cyhuder a, with pieces of brass inlaid at either end, is 
connected thus with the brass uprights xe. Slips of elastic brass press upon 

Fig. m 



it from UB. supported by the brass columns xe, to which the extremities of 
tiie secondary coil are soldered. All these conneetions are made within the 
box. On connecting tfaeeondneloie of a batteryof a single pair of plates with 
■ and ii,aQd yevolvingthe cylinder, a glance at the figure will show that from 
the alternate arrangement of the slips of brass, induced currents can traverse 
the wires tf; and thus, by properly arrangiup^ the connections of the lottery, 
we can make such wires convey positive or negative currents at will. 
U the experimejits made with the apparatus with a double current (504) 

22* 
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he repeated with this, the iodine and potassiom in the one case, tiT\d oijifu 
and hydrojren in the other, will be set free at one wire and not at both. 

506. Of the magneto electric machine, in wliicli a permanent magiiei i< the 
exciting cause of the currents, there are many vaneiies. 01 these, SaxioJi s 
and Clark's arrangements are superior to those Fllfl ttMl odMWi llwt of 
Mr. QBfk being upon tha whole nma cniTeirieDtllHni SiaDlaii'fl» Aon teamll 
bulk, ila kstenmSf of aodon, mad ita dispensing with tiio on of wummf. 
This consists of an mpri^t compoond horse^oe magnet, pre^^^ed agnin^t a 
board, D,by the crop?-piece c» By means of a multiplying wheel, b, the arm* 
ature abfg is made to revolve rapidly before ilie poles of the fixed magnet* 
This armature consists of two pieces of soft iron, connected at right angles to 
the piece of iron ab by screws; round the legs or branohot of tlilsaiewoaid 
abont 1900 yards of fine, mmUaUd copper wire; one end of which la 0(»> 
nected to a collar of brass, against which the spring h presses, the other end 
being soldered to an insulated brass collar, i, part of whose circumference has 
been removed, as ?hown on a larger scale in the side figure. A thick cop- 
per \\ ire, K, presses against i, and is connecied by a bra^s jnllar, f, witii a 
metaiiic strap, i., fixed on one side of the wooden block jr, whilst a similar 
piece of metal, x, with wbidi it Is oonneeled by a bent wire, t, is on the oppe* 
site side, and suppoits the spring h. When re, andconseqnently dieir ImajHii 
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are opposite to the poles of the magnet, the latter, by indnctiDO, converts the 

included iron into a temporary magnet : at the instant this action occurs, the 
electric equilibrium of the wire wound round it becomes disturbcri, nnd a 
current of electricity rushes through the coil. If the armature be turneii half 
round, the magnetism of the iron piece becomes reversed, and a second cur- 
rent in an opponU diiectkm is excited ; and as at the moment this takes place, 
the wire k eooies in contact with ttie intermpted portion of the collar i, a 
bright spark passes between them. On revolving the armature raplditf, 
a succession of vivid sparks ensue; and if wires fixed to the brass pieces iM 
be immersed in acidulated water, decomposition of that fluid will occur, the 
oxygen antl hydrogen jimces being evolved alternately from each wire— as of 
every two induced currents, one is always in opposite direction to the other, 
the alternate ones only moving in die same direction. 

507. If a copper cylinder be grasped in each hand, whilst wires oooneelad 
with them communicate, one with the stiap ft, and the other with % caTiir 
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excavated in the end of the revolving armfttnre ; on turning the wheel e, a 
rapid suocession of currents is sent through the hc)(\y of the person grasping 
the cylinders, producing a series of severe and almost intolerable shocks, tlie 
muBcles becoming so firmly contracted that he is generaliy unable to drop the 



the electro-magnetid 



If the wxreSi instead of termlnBting in copper eylinders, be fumiahed 
platiiia points, eleotrolytio deooniposition of any conductiiig fluid th^ aie im* 
mersed in will ensue, ae in. the CMe of the induced euneiift of the pievioaaij 

described apparatus. 

508. If an armature, having a short helix of thick insulated eopper wire, be 
substitnted Ibr the armature ab, in the machine just described, the intensity 
of the evolTed eleetiia cairenta will be diminiBbed, and no iheek or ohenuoal 
action will result from them. The vlvidity of the spark at i will be, however, 
increased, and pieces of platina wire readily ignited by allowing the electricity 
to pass through them. The ordinary phenomena of electro-magnetic rotation 
may be prociuced by passing these eurrents from th© short helix through the 
apprupnah6 pieces of the apparatus (477). 

500. A' very simple and ready mode of exhibiting 
spark 88 it is termed, hf the indnetkn otn. permanent 
magnet, is to wind round a piece of soft iron Ai, about 
ten yards of thick insulnted eopper wire or ribbon. 
Let one end of this coil be soitlere l to a plate of amal- 
gamated copper c, npnn whieli tlie other end, sharply 
pointed, is made to press with eia^iticity; to efl'ect 
wbich, it is bent into an elliptical fbna si. On plaoing 
fliis armature on the poke of a strongr magnet, ira, the 
bar AB becomes magnetic by induction; and on sud- 
denly jerking off one end, as b, from the pole s, the 
bar nearly loses all its polnrity, and the elei trie current 
developed is shown by a vivid spark occurring at the 
point v^ here £ presses on c, as it becomes slightly 
faised fkom the ptote by tlie sadden motion oommoni* 
cated to as. 

510. As in theae cases the electricity evolved bears 

a ratio to the magnetism indiieed in the iron nucleus of 

till- armature?, it follows, that by increasing the intensity of this rnnnniPti^ra, 
tiie electric cur rem becomes proportionably increased in tension and quantity; 
as by means of a current of electricity of low tension we can excite powai^ 
magnedsm in an iron bar, the application of this as the indudng agen^ has 
been used in the constructinn of these maehines: indeed, it was by a con- 
trivance of this kind, that Faraday first discovered the existence of these cur* 
rents. The most powcrftil electro magnetic machines I am acquainted with 
are" constructed on this principle; the IbU nving is a description of one of 
them. Two bars of very soft iron hb, about lourietu inches long, aud an inch 
in diameter, are connected by a cross piece of iron, fu-mly screwed to them. 
'These ban are coveied with a coB of Insulated thick oopper wiie^ about 300 
ibst in length, the ends of which are connected to the nraws db. Over this 
arc wound about 1600 feet of very thin inmilaUd and tNinttshstf copper win, 
its ends beint? eonnected to the screws ©H. 

On connecting de with the batu ry of about ten paira ol plates, the iron bars 
become suihciently magnetic to lift about sixty pounds weight; and if the cop- 
per cylinders, connected to en* be grasped with the moiiiened hands, an ahnoet 
insupportable shock will ensua^ on breaking connection with the battery. To 
afiect this ruptare of oootact with fiKSili^, a cobtriTanoe similar to that osed 
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by Mr. M'Gauley* will be found very useful : this consists of a beam of brass 
•upported by a boiiaoiital uus at k, ha?iiig atoae end a ball of soft iron, ii^ 

Fig. 265. 




■aapeada^ and at die other a Ml of tfakk obpper wire, so anangad dwt hf 

its own weii^t it will fall into two cups of meioiarf fixed at x, and thus ooo* 

nect them with each other. One of these cups is connected by a wire with a 
screw D, win 1st the other is, by a wire z, connected with one end of the bat- 
tery, the screw k being in communication with the other. As soon as these 
connections are completed, the bar s, becoming magnetic, attracts the ball l, 
which, IklliDg, raises the fivk x from the caps ; thus hieakiDg contact with 
the battery, and producing a vivid spark attended with a loud snap, and com- 
bustion of the mercury. The bars losing their magnetism, the fork v falls bf 
its own weight, and re-establishes connection with the battery; l is again at- 
tracted, and so on, the beam rapidly vibrating amid a complete shower of 
sparks from the mercury, producing a most brilliant spectacle in a dark room. 

511. As a rapid succession of powerful alternating currents circulate at 
each rupture of contact through the long coll, the shock felt at the screws 

or at the cylindeis connected with them, becomes intensely painful, compleleljr 
paralyzing the arms of the persons grasping the conductors. With these cur- 
rents evolved at oh, tlie chemical decompositions already described (434) 
may be performed and other effects produced, as with a voltaic battery. If 
a piece of charcoal be placed on e, and a platina wjre connected with a be 
dnwn lightly over it^ whilst the machine is in action, a series of minute 
sparks from the induced currents will be observed. 

512. As electric currents are induced other currents passing near the 
conductors, in which they are excited, the theory of Ampere (490) receives 
considerable support from the facts enumerated in this chapter. Granting 
with him that a magnet is full of perpetually moving currents of electricity, 
it induces magnetism in a bar of iron, by exciting similar currents, as in tlie 

* case ahreadf mentioned (400), and then the xenwrkaUe fiwt of magnets ez- 
oidng eleotrie currents in wires moved near them, wiU be resolved into the 
same case of onirents ezdtiog currents. In fact, it permits us to genemliie 
the phenomena of magnetism and electro-dynamics, in a very important and 
satisfactory manner. The apparently mysterious phenomena produced by 
revolving plates of different metals under magnetic needles, in causing them 
to move, may be referred to a similar explauation ; the currents la the needles 
eatdting similar currents in the revolving plate, which their isaotkm on 
the needles cause them to osciUate and revolva 

* Bep. British AMOciation, vol. vi. p. Si. 
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CHAPTER XXX. 

TSUXO-BUtCmCITT. 

ExcUcUimi of Uiermcheledric currents by two metah, 513 — by one metal unequally 
heated, of heat necettary, CIG — roLaLium produced by, 

517 — lAmno-c&dmjnlfi, 519— cAamoal Aepnqmitioftt? mud qMvte Jromeur^ 
rtnte imduetd 6y, 920. CmnHU moM bff metab fkmgtd mId /MMrf aak», 52 1 . 

513. Whes- two different metals, as copper and bismuth, are soldered to- 
gether and connected by wires to a multiplier (468), an electric current be- 
comes developed on heating lUe point of juncture of the two metals wiiii a 
spirit lamp. If ibe multipher be sufficiently delicate, the deviation of the 
needles wlU ooctuf when the point of oonneetion of both metali Is gmsped in 
the hand ; a very slight elevation of temperature being sufficient to piodnoe 
this eflect. In general, the most powerful currents are eY(Aved by hfwitine the 
more crystaline metals, as bismuth and antimony; and they increase within 
certain limits with the increase of temperature. The following list contains 
the names oi several meiais, any two of which being employed as a souico 
of electricity, by heating them at Hieir point of junction, currents are 
veloped in such a manner lhat,eeeh metal becomes ponHye lo all below, and 
negative to all above il, in the list: 

+BisiDnlfa 
Platlna 

Mercury 

Lead 

Tin 

Gold 

Sihrav 

Copper 

Zine 

Iron 
— Antimony. 

514. This mode of develop:n[^ electricity was discoTored in 1821, by Prod 
Seeheck, of Berlin, and has been studied with success by Prof. Gumming of 
Cambridge, Mr. Sturgeon, and many other philosophers. In examining these 
currents, as they are of too low intensity to foree their way through very long 
eoodncthig Wires, the mtdtiplier should be oonsinioted Sn the manner already 
exlpaiaed (468,) but the ooU dionld be shcft, and oomposed of fliicit and soA 
copper wire, so as to oBbt as little opposition as possible to the passage of the 

electricity. 

515. It is by no means necessary to employ two metals in these experi- 
ments, for if two pieces of copper wire be twisted together, and connected 
with diemnltiptier, a cnrrentof electricity takes place on holding a spiriMamp 
on one side of Ae juncture. Even platina^res will evolve these currents; 

so that they are to be regarded as arising from a series of decompositions and 

rfY'ombinations of ploctricity produced by the action of heat, and not resulting, 
at least necessarily, from oxidation or other chemical action. When a uni- 
form bar of metal is heated at one end, the oold portions assume negative and 
hot ones positive electricity. 

516. Fa the devel^mentaf tbe«iii0i«leoane ennttiti it is neoessaiy thai the 
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boat applied should not be equally propa({ated through the metal. Thus, if 

thp two ends of the wire of the multiplier be connected by means of a loop of 
platina wire, and a spirit-lamp be held near any jiart of the latt^»r, no st*n-;i- 
ble current will be evolved. But if some obstruction be made to the equal 
propagation of the heat, or by rolling part of the wire into a spiral, and host 
be applied to one lideof tbl^an eleetrio ernient i» essited. Tbns, let abc be 




a platina wire connected with the multiplier and rolled into a spiral at b. On 
heating the part b with a spirit-lamp a positive currL-nt passes from Ji to A| 
and causes the galvauoiaeter needles to deviate from their posiuoti. 

517. The phenomena of electro*magnetic rotatk>n may be readily produced 
by means of fhermo-eleetric currents; for tfaii purpoie twist round each end 
ofa bar of hismuUi an inch in length, a thick copper wire, and having aoial* 
g^mated the other ends, immerse them in the circular troughs AM of the 
apparatus for the rotation of a conducting wire round the pole of n magnet 
(474). " Apply a spirit-iamp to one end of the bar of bismuth, and as goon as 
the latter becomes warm, a current of electricity will pass through the appa- 
ratus from the copper to the bismuth, and the oondoctijig wires suspended oa 
the pojes, will begin to lewlye with rapiditf • 

518. A Tory ready mode of demonstrating the excitation of eleolrie cnrrenti 

by heat, by means of their electn>dynamic effects, is met 
Fig. 267. with in the little appf^ratus contrived by Professor Gumming. 

A piece of thin silver wire is bent into the figure sss, and 
suspended by a filament of silk from any support, the lower 
arm of the reetangle being composed of platina, p. If the 
flame of a spirit-lamp be applied to one of the janetnies of 
these wires, and a bofse-eboe magnet be held near one of 
the vertical arms, attraction or repulsion will ensue, accord- 
ing to the direction of the current and the position of the 

a poles of the tnagiiet (478). 
519. The intensity yf these currents is increased by com- 
bioing a series of alteniatioos of two metals, as copper and 
platina, or bismuth and antimony, as in the oidinaiy eleetrie 
pile. By using very short and slender bars of bismuth and 
antimony, having their alternate ends soldered together, and 
packing a series of 36 into a cylindrical bundle, we acquire an arrangement 
m which the electric equilibrium is disturbed by the slightest alterati' n of 
temperature of either end of the bundle (845). If ouc of the iacefi ol tiie 
bundle be blaokened, die meie approach of the hand is snffioSeni to excite a 
▼ery perceptible eleotris eDirent; to detect which a mnltipliet with a tbiek, 
well-annealed copper wiie sbonld be employed. This instmroent then be> 
comes a most sensible thermoscope, infinitely exceeding all forms of thertno* 
meter in indicatmg alterations of letnpcrauire, and in t!>e hands of Forhesand 
Melloni, has led to the beautiful diSLOvery of jjolanzauon of heat (853). 

520. Thermo electric currents are ui too weak tension to produce sati^fao- 
loiy evidence of efliwting chemical decompositkn. It has been, bowoTer, stated 
that by the current excited by a hurge number of alternations of platina and 
lion,M.J3oClObOf Tulil^allo^pededlndooolllpoal^gw■tw TitiDas aaline 
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solutions. In 1836, Chev. Antinori of Florenoa, by oonnecting a tiiermo* 
electric battery with a helix of in^ulatpd copper wire, about 500 feet in 
Ipn^rth, obtained on breaking contact a vivid spark frnm the induced or 
secondary current produced by the passage of the primary ihenno-electric 
current (497). Shortly aAerwards, Prof. Wheaisioue* repeated this experi* 
moot with l ioceM, nring a bstiaijr of thirty three paiia of Unnoth and antn 
mooy, Ibnning a cylindrical bundle, 1*2 indi long, and 0•^5 inch In djamotoTy 
with a coil of intulated copper lihboii SO feet long, and 1*5 inch broad. Mr, 
Watkinsj" has since obtained the ?ame results, by ii?ing a single pair of plates 
of bismuth and antimony, each being 0 5 inch long, 0-12 inch thick, and 
weighing but five grains. The same gentleman, by using a thermo-electric 
battery of thirty pairs, each plate being 1-5 inch square, and 0*33 inch thick, 
and heating one end of the anaofament with a hot iron, whilst the oUier waa 
hept oool with ice, succeeded in eieiting an deotiofaegiiat to neh an esttent 
as to flopport a weight of ninety-eight poundi. 

521. Dr. Andrews, of Belfast^ has discovered that platina wires eonnected 
with a multiplier, and plunged into fused salts, are traversed by an electric 
oinent* This may be shown by connecting a piece or platina wire with one 
mrew of the multiplier, and bending its free end into a loop. On fusing a 
little bonot in the kop, by means of ino blow«pipe, and quiskly inserting the 
previously fieated end of a second platina wire alto cooaeeted with the multi* 
plier, into the fused bead, the needles flew to the extreme of the scale, from 
the development of a powerful current. The direction of the positive current 
appears to be ironi the hot platina wire, through the fused salt, to the cold 
wire. By means of these curious thermo-electric currents, Dr. Andrews sue* 
eeeded in obtaining distinct evidence of diemksal decomposition. ' The samo 
lesnlts were obtained when other fused salts, as oaibonate of potassi ohiorldea 
of potassium and strontiuini iodide of poiassiuni, sulphate of soda, and even 
bonusic acid, were used. 



CHAPTER XX. 

tKtmtMm KXCTBlCITr, OB aALTAVISX, 

Electric Jishu^ 522. Torpedo^ 523. Gyfmwtut, 524. iSftluntf, 527. Ekiinc m» 
saeCi, 528. OatMmP» dmeantsrm, 539. Jmnud ^kdridty, 5a0u-538r JITeie- 
tmuS9 nteardttty Sai-^^?. Ekehrieity of frogt, 538— o/ man, 539. Ort^ 
banana; cfa<riafy,540--548. iri«of,545— 54& FigitaMi dbdrtd^, 549. 

522. Cehtain fishes liave, from remote antiquity,§ been well known to 
possess the property of communicating a benumbing sensation to persons wlio 
hikve incantioasly grasped them. This remarkable edeol^ whose intensity is 
sometimes so great as to amount to a severe shock, has been most satisfac- 
torily traced to electricity; and no real difference exists between the electric 
fluid thus t^rrrttd^or excited by these animals, and any of the other modifica- 
tions of tbat curious fonn of imponderable matter already deserihe<l. The 
fishes hitherto met with, which possess this extraordinary faculty, are but few : 

* Phi] Mfiir.. X p. 414. t Ibid., vol. \x. pp. 304, 300. t It-id , vol, x. p iriT 

t Aristoik, Uist Ajiiia.*l<b. u.. cs|>. 13» and ix.. cap. 37. Fliny, ilisi. Xsiat., iib. xxxu. 
e. 1. JBllsn, de aakasl. aalara., lib. i, cap. 30^ 4bc. 
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of these the torpedo occelata, and marmorata are alone met with in Kuropc. 
The others, including the gymnotus, tetraodon, silurus, rhinobatus, and tricbi- 
urus electricus, are confined to the tropics. The torpedo, gymnotus, and sihi- 
rus have been submitted to very careful iovestigBtxm: the first, chiefly by 
Himler,* Dr. John Bftvy ,t Gay-LoMaG,! OollidoD,§ and MMleaoei :| liw seomd 
bf BikblpliifV Walsh,** Inganhous8,fj Hnmboldti Bonpland, mod JPkiadnj4t 
and the last by RadolpfaiJ§ and Muller.|||i 

623. The electric organs of the torpedo lie on eacli side of the head and 
branchiae; being made up of numerous five or six sided prisms, placed in such 
a manner as to present their bases to one surface of the fish, and their apices 
ID the odier. Hnnter counted 1182 of Aim la e aingto oigaa. They aro di> 
▼idad bofisonlnlly, bgr minieroiM aepla, the imentMOM being fllM np widi • 
gelatinous flnid. Thaeeoiguii ave eqpkmaljr mpplied widi nemi, whkb am 

. chiefly branches of the par vagum, or pneumo-gastric nerves. The power of 
communicating the shock depends upon the integrity of the nerves, for the 
heart may be cut out, and the animal flayed, without its losing this faculty; 
but as soon as the nerves are divided, it vanishes entirely. The intensity of 
the sboeki is inenased by irritating die origin of die eleeirio nerves widi the 
poiitt of a knife. The electric discharge is directed from one sofftoe of dM 
fish to the other, the electricity of the dorsal sorftce being positive^ and that 
of the ventral negative ; and no shock is experienced unless direct or indirect 
communication is made bt-tween the belly and back of the animal. A com- 
plete separation of the two electricities on the two surfaces docs not occur, a» 
that portion of die aninal nemesl die eleolrio orguis is poaidve, or negative^ 
aoeording to die pardoolar sorftue, with lespeot to those parts nearer tbs luL 
Jh.Jknf soooeeded in decomposing acidulated water, and jodidie of potassium^ 
as well as of heating but not i^iting platina wire, and of magnetizing neadkl 
placed in a spiral coil of wire, by means of currents from the torpedo. 

624. In the gyinnotus, the electric organs are on each side double, and ex- 
tend from the head to the tail. They are each formed of long horizontal 
membtanooa etmotnres, placed at a siKirt distenoe fiom each odier, provided 
with numerous transverse septa, and filled, as in the torpedo, with a gelatinoiu 
fluid. These organs are supplied by spinal nerves, in which respect it 
fers from the last described fish; these consist of 224 pairs of intenoslBl 
nerves. 

The gymnotus resembles an eel in appearance, and is often four or five feet 
in length ; its shook is extremely strong and capable of paralyzing horses and 
mnlei. Walsh and Ingsnhonss, in IVJ^ obswred a spark to pass betwesa 

two pieces of tinfoil tlirough which tlie discharge of diis fish was transmitted. 

This was doubted until, in 1836, the power possessed by electric fishes of 
yielding a spark was again asserted by Linari; and in 1839 this statement , 
has been placed beyond a doubt by tlie researches of Farailay, who, av-ailitig i 
himself of the electric eel publicly exhibited at the Adelaide Gallery, succeeded 
In obttdning a current of sparks, by the aid or an indoedve coil (423), and 

• Phil. TratiBnetions, 1773. f Ib^ m and t89L 

t Ann. de Chim., Ixv., p. 15, joint paper with Humboldt. 

f Stances de PAcad. de Sciences, Ociob. I89S. | Ibid. 

II Abhand. der Acad. v. Berlin, 1890, iijgL, 
*• Phil. Transactions, 1774. 

tt Vermischto Schriftsn, p. 02, YiflanS* 1781. 

U PhU. Trans., 1839. 

44 Abhand. Aead , BerUn, 16S4. 

III Handbuch der Physiologie das Msasohsns, in P. Cobleas, IWi or Bsiter^ 

translation, London, 18J7. 
The Tetraodon is deaeribed by Psterson fn PU1. Trans., 1788, p. 888L INiieWs* 

ms is figured by Willoughby. in his I( !ithyolo::ry ; Appendix, t. 3, fig. 3; and described by 
Nieuhoi iu Zee on I«nt Heise door West en Ost-liuUeu," p. S70, Amsterdam, l&tt. 
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onee even bf direct oaneat between the sorfiioes of two pieces of leaf* 
gold. 

525. Dr. Faiaday obtained the electricity from the gymnotus whilst im* 

mersed in water, by means of collectors formed of sheet copper bent into a 
saddle shape, so as to grasp genily the sides of the amntal. The back of these 
collectors were covered with sheet caoutchouc, so a;* tu insulate them from the 
water. Conductiug wires, also insulated by being covered with caoutchouc, 
were soldered to each conductor. The shock was best obtained by placing 
one of the hands near the head and the other near the tail of the fish ; it was 
conveyed with ihdli^ to the moistened hands by the conchictors. When the 
conducting wires were connected with a multiplier, deflection of the needles 
to 30® or 40° took place, antl was in such a direction as indicated a positive 
current from tlie anterior to the posterior extremities of the fish. When the 
cnnent was allowed to traverse a short helix, a steel needle placed within it 
became magnetie. In like manner, when the oondoolors were furnished with 
plstioa terminations, and allowed to repose on paper moistened with a solu- 
tion of iodide of potassium, polar decomposition ensued, iodine l>eing evolved 
at the end of the wire connected with the anterior part of the fish. 

526. On whatever part of the animal the collectors were placed, the cur- 
rent of positive electricity was always found to pass from that nearest the 
bflsd tD diat nearest^the tidl. So that if three eoHeelors were placed on the 
animal, one near the head, the other on the middle, and the Uiird near the 
tail, the first was found to be positive with regard to the second, which, 
nlthough negative with regard to the first, was positive in relation to the third. 
It appears that the moment the gymnotus wills the shock, the lines of force 
dart otf, diverging from him in the water, and whatever is in their course re- 
ceives ibe shock. Hence, if a person immerses one hand only in the water 
near the fish, when it wilts a shock, he reoeives the blow, although not so 
powerfiilly as when in contact with the animaL 

527. The silunis is still less known than the gynAiolos; its electric organs 
are double, and are separated by a ronc^h aponeurotic membrane: the most 
external of these organs lies immediately under the skin, the deeper one being 
imbedded in the muscles. They are both divided into cells; their nerves 
sre, it is remarkable, the same as both the torpedo and gymnotus, one of the 
oigans being supplied by the pneumo-g^tric, the other by theintercMlkal nerves. 

538. Among invertebrate animals, a few have been stated to have claims to 
be considered as electrical, but Uiis is extremely doubtful. Molina* relates that 
a certain Chilian spider po=?e«?es the property of benumbing the hand of the 
person who touches it. Kirby and Spencef mention a species of cimex, the 
reduvius saratitSj as having the power of communicating what have been re- 
Buded as electric shocks. An account is on record, also, of one of the great 
marine aonelidsB, ftontes giganUa^ giving a powerful shook to the person who 
touched it. 

529. Prof Galvani, of Bologna, in 1791, published a commentary "de Viri- 
bus Electricitatis in Motu Musculari," and announced those facts which laid 
the foundation of that science which bears his name. then stated that a 

particular form of electricity, denominated by him antmal eUctrieily^ existed 
in all animals; and he believed he merely exdted and rendered sensible this 
electricity by coating a nerve and muscle with metals, but did not regard the 
latter as the real sooioe of the electricity. 

This celebrated experiment, althoagh ^ve]l known, is one of really so mar- 
velous and remarkable a character that, repeat it as often as we may, it can 

• Nntiirt:^e8chichte von Chili, p. 175. 
t IiUrtHluction to Eotomoiogv, i. p. 110« 
i fiittiman^s Jeamal, xv. 967. 
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never be looked at without a feeling of wonder and delight Prepare the 
legs of a frofj by dprmdinp^ thpm of their «kin, and attached by the lumbar 
nerves to a portion of the spine A IN) wing ihem to rest on a pln^s plate, s, 
place a piece of 2dnc in contact wiih the nerves, and aUow lixu feet lo zest 

Fig. 268. 
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on a thin slip of silver, •. They will of ooniae be at teat, and appear, mm 
they indeed aie, dead and powerleM. .But theie eikle a power iHiieb cam 
be oalled into action, capable of endowing these dead limbs with an appaml 

life. The only spell required to evoke this power is a piece of wire, w, one 
end of which must touch the zinr. and the other the silver plate. lostaatyr 
the legs violently contract, and kick away the silver plate. 

It has been lately stated by Prof. iVfatteucci, that this curious observiuioa 
was not original w^ Galvani, but was made some time belbre by the ceio» 
biated Swammerdam ; and the experiment watf eihibited fay him in iha 
presence of the Grand Duke of Tuscany. 

Shortly after the announcement of tliis di'^covenr', Prof Voltn, of Pa via, in 
repeating this and other nnaltigous experiments, :iri i\ ef{ at a ditfereiit conclu- 
sion i and he showed thut ilie electricity was really excited by liie metab, 
and the controetion of the mnseles of - the fiog was only an index of ita eoisi* 
enoe. He, however, supposed that the electricity was excited fay the neve 
contact of die metals (^95), as the neoessaiy ageowy of chemical action was 
not then recognized (39^). It is now nearly universally adniitti d iliat in 
this experiment the zinc i?' nrted upon by the chloride of sodium or other 
salts existing in the fluids wiiii which the tissues of the frog are moistened. 
Although these and other discoveries of that great man obscured for a time 
the views and lesearches of the illustrious Galvani, attentioa waa again 
drawn to them by the experiments of his talented nephew, Ptot Aldini, of 
Bologna. He was inspired with so much zeal in defence of his uncle's the* 
ory, tliat he traveled through France and En^^]Hn^l for the purpose of demon- 
strating the truth of hid views; and, in the presence of the inu Ik al olliccrs 
and pupils of Guy s Hospital, lie in the year 1803, supported and defende<l 
a series of propositions so satisfactorily and oooclosive, that he was pieaeoied 
by his auditors with a gold medat commemorative of his lahois. 

530. Prof Aldini^s propositions and conclusions are SO important and of 
such high interest, that I shall now briefly refer to some of them, as they 
appear to demonstrate, in a most satisfactory uianner, the existence of free 
electricity in animals, and, as will appear to all conversant wjih ikiis branch 
of physiolog)', most remarkably anticipate the late researches of his country- 
man, Piof. Matteaoci. 

Paov. l^'^Museuhur contractions are excited by the development of a fluid 
in the animal machine, which is conducted from the nerves to the ■ttwtftlf^ 
without the concurrence or action of TTietnls.' * 

Exp. (A.) — In proof of this statement, Aldini procured the head of a re- 
cently-killed ox. With the one liand be held the denuded legs of a frog, m 
that the portion of the spine still connected with its lumbar nerves touched 
the tip of the tengue, which had been previously drawn out of the mouth of 

* AldioL Aa accouat of the late improvemeau ia Galvauism. 4io. Loodoa: IfiQflL 
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the ox. The circuit was completed by gruping with the other hand, wall 
moistened with salt and water, one of the ears. The frog's legs instantly con- 
tracted; the contractions ceatiog the instant the oiccuit was broken by ramoT- 
iog the hand from the ear. 

The intensity of these c<xitraction8 vrna nradh increased by combining two 
CK three heads ao as to ftnn a sort of battery, just as Matteuooi ihrty years 
after Ibund to be the case with his pigeoo and rabbit battevy. 

Exp. (B.) — Aldini, having soaked one of his hands in salt and water, held 
a frog's leg by its toe, and, allowing the ischiatic nerves to be pendulous, he 
brought them in contact with the tip of his tongue. Contractions instantly 
ensued from a current of electricity traversing the fret's leg in its route from 
tiie external or cutaneous to the internal or muooas covering of the body. By 
this veiy interesting expeiiment Aldini dmonstialed the eiistanfle of tiie 
muscakMsotaneoas current, and completely antioipBtad its xe<UsoO¥eiy by 
Donn^ some flve-and-thirty years after. 

Kxp. (C.) — The proper electricity of the frog was found by Aldini to be 
competent to the prochiction of contractions. For this purpose he prepared 
the lower extremities of a vigorous frog, and, by beuding up the leg, biought 

Fig. 270. 




the muscles of the thigh in contact with the lumber nerves : contractions im- 
mediately ensued. This experiment is now a fiunaliar one, tad has been ie« 
pwteii Mid miHi^t^ hMely by MiUier and others. 
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ExF. (D.)— A ligature was loosely placed round the middle of the cmra! 
Dprve*!, and one of tlie nerves applied to a corresponding muscle j COOiraciioni 
ensued; but, on u^htpning the ligature, convulsions ceased. 

5a J. This last stau^iaent is very important, as upon its accuracy or error 
depend! what hu been regarded as one of the teets of the identity or diief^ 
eiiy (be electric mid nenrous agencies. It was fcpeated soon after Aldti»rs 
apnoancemeot of the Act by an Italian physician of celebrity, Signor Valli, 
vho commenced liis researches indeed in 1792,* o!ily a year nfter the pub- 
lif-ntion ofGalvani'a discovery, and he found if the H-aturo were applied near 
thi muscle it did not allow the catUraction to occur, but if nearer the spim %i did not 
jnwent U. This was aftervratds conoboreted by Humboldt. I may here le* 
mark that it has been since found by Professor Matteuoci, that If carejbe taken 
to insulate the nerroi a ligature does arrest the contiactkm, as well as the 
passage of a very weak artificial electric current. 

532, We must not in this place pass over in silence the neuro-electric theory 
of Galvani. He assuinr I that all animals are endowed with an inherent 
electricity appropriate to tlieic economy, which electricity secreted by the brain, 
resides especially in the nerves, by which it is communicated to every paitof 
the body. The principal reservoirs of this electricity he considered to be the 
flbres of muscles, each of which he regarded to have two sides in opposite 
electric conditions. He believed t!mt when a limb was willed to move, the 
nerves, aided by the brani, firew from the interior of the muscles some elec- 
tricity ; dischargiug it upon their surface, they tlius contracted and produced 
the required change of position. This theory was adopted and defended by 
Professor AldinL 

Valli, to whose experiments I have befbre referred, believed the newoi 

electric fluid to be secreted by the capillary arteries supplying the nerves, by 
which it became conveyed to the mn«eles, whicli he believed to be always 
in an electric condition, the interior being n< a;ritive, the exterior positive. He 
also nodced the curious fact, that in experiments on frogs, the nerves lose their 
irritability to Ae stimulus of electricity at their origin firsts retaining it longest 
at their extrendties ; and on this hazarded an opinion that probably the dtet 
extremities are really the origin of these structures. Both these statements 
are of deep interest; the f^jrmer from its bearing on the late researches of 
Professor Matteucci, the latter from its curious connection with some views of 
Dr. M. Hall, regarding the peripheral origin of incident nerves. 

633. It may now be asked, what proof do we possess that the action oa 
muscular fibre to which I have alluded, where no metals are employed, is 
really produced by electric currents? One gieat evidence in favor of this 
0})inion is at once found in the fact, that oontractk>ns produced in frogs can 
only be excited when conneetion is made between a nerve and mn«<_Me by a 
conductor of electricity, all otlier bo<1ie? interfering with tlie production of this 
pheiK)menon. The only thmg amounting to positive proof before the re> 
searches of Matteucci is an experiment of Valli, in which he Ibrmed a sort of 
battery of fourteen prepared ftogs, and by the eleotridty thus aoeumulalsd 
succeeded in producing the phenomena of dtveigence in a delicate electfO* 
meter. It is to be regretted that no accurate account of tliis experiment has 
hi'on [eft on record; for if true, it must be regarded as mn«t satisifaetory in 
provmg the identity of the electricity of the frojg with that obtained from other 
sources. 

534. The leoeot researdies of Professor Matteuoeif of Pisa, have, however, 
completely set this matter at rest. He has incontestably proved that eononii 

* Wilkiuson> Galvanism, 8vo. London, 1804. Page 49, voL L 
t Pliilosopltlcal Transaciious, l&4o, page 263. 
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of electrieity' an always eiieulating In the animal ihune^ and not limited 
merely to cold-blooded reptiles, but are common 1o fishet, birds and mamma- 
lia. FioDA the reseaiebee of this philosopher it appears that a ennent of 



Fig. 271. ' 




positive electridtj is always circulating fiom the interior to the exterior of a 
muscle; and that although the quantity developed is exceedingly small, yet 
that by arranging a series of muscles having their exterior and inteiHor sur* 

fnr ps alternately Connected, ho developed snfficipnt electricity to produce ener- 
getic efTects. By thus arranging a series oi half thighs of frogs, he f^ucrocf^efl 
in decomposing iodide of potassium, in directing the needles of a galvanometer 
to 90°, and by aid of a condenser caused the gold leaves of an electrometer 
to diverge. When more dalicate tests of the electric current were made use 
o(^ their existence was demonstrated in the muscles of all animals, and even 
of man himself. Dr. Wilkinson* calculated that the irritable muscles of a frog's 
legs were no lies? than 56,000 times more delicate as a test of r lcctricity than 
that of the most sensitive condensing electrometer. Dr. Wilkinson found tliat 
two pieces of zinc and silver, each presenting a superficial surface of j inch 
produced violent contractions in the leg of a prepared frog; whilst two large 
circular plates of zinc and copper required to be brought twenty times in con- 
tact with the condenser, before any sensible divergence of the gold leaves of 
an electrometer was produced. By comparing the area of these plates, multi- 
plied by the number of contact?, with the superficial surface of the minute 
pieces of zinc and silver employed to affect tlie frog's leg, he arrived at the 
conclusion I have just related. 
535. Prof. Matteooci availed himself of this circumstance in hiscontrivanoe 
of the frog galvanoscope. This is made by skinning the hind 
Hg. 272. leg of a frog, and separating it from the trunk, taking care to 
leave as long a piece of sciatic nerve projecting as po3si!)le. 
The leg is then placed in a glass-tube, the nerve hanging over. 
In using this contrivance all that is necessary is to let the 
piece of nerve touch simultaneously in two places, the part 
where electric condition is to be examined. If a current exists, 
the muscles of the leg will become convulsed at the moment 
of contact. 

In this way the Professor dciecietl a current in man, by 
making a clean incision into the muscles of a recently ampu- 
tated limb, and bringing the nerve of a frog galvanoscope in 
contact at once with the two lips of the wound, contzaotion 

instantly occurred. 

636. In pigeons and fowl-', as well as in ecT'^ and frogs, 
currents were readily demonstrable; indeed, by alternating a 
Series of the former by approximating their sides, the raw surface of the 
muscles of which had been exposed by a quickly made cut, Matteucci ifi>rmed 

• ElansnlBof OBlTsnism. 18 1& 8vo. Yal.iip.aM. 
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a sort of battery vetembling that made of the diigha of frogs. The YesoU of 

this experiment thus proved that energetic currents exi^'ted in hot a? well as 
cold-blooded animals. Indeed, more iateosely, but very soon disappeanng oa 

the death of the animal. 

- 537. By means of the frog galvanoscope (535), not only the existence but 
the diieetKm of a canent can be disoovered; for if the leg bekept for aaiinf 
tune before luingi^ aoas to a little diminish its sensibility, the muscles will oon* 
tract OD wdWiyconwct with the body under examination, if the electricity paane 

from the nerve to the leg. whilst it will contract on brcakii^^ cotitact if the 
electricity is moving in the opposite direction. Using this tleli< ate test for an 
electric current, Matteucci discovered tliat the intensity of such currents rises 
in proportion to the rank oocupied by the anknal in die soale of being, dwir 
dniatioti after death being in the inverse latia The ProfeBSor discovered that 
when a mass of muscle belonging to a living animal, ot one recently dead, 
was placed in contnct with a piece of wire so that one end of it touched the 
tendon, and tiie other the Ixxly of the muscle, a current could always be 
detected circulating in the mass in the direction from the tendon to the exteruai 
surface of the structure. He further demonstrated the very important fact, 
that everjrtfaing which decreases the int vHa of the animal diminishes the 
evidence of electricity immediately after death. Thus, when frogs Were 
killed by asphyxia, either by immersion in sulphuretted hydrc^en, or water 
freed from air, the electricity detected in their femoral muscle?* sunk to a mini- 
mum; whilst the thighs of frogs whose hearts had been previously n'move<l 
gave less evidence of the existence of this important ag^t thau HioioQ which 
had not been thus injnred. 

538. We have seen that certain fishes (529) possess a peculiar appaiatos 
by whidi they are enabled to acomnolate the electricity developed bjr the 
vital processes going on in their structures, and thus produce the ordinarily re- 
cognized effects of tension, as shown in tiie benumbing shock felt on grasping 
a torpedo or silurus. This endowment is, however, peculiar to very few 
creatures, and all the electricity developed iu the frames of other organisms 
is only to be detected by comparatively delicate tests. It is, howeTer, very 
remarkabto that in the batrachians generally, especially the frog^ an electrio 
current, denominated by Matteucci the proper current^ possessing some approach 
to tension, and capable of deviating the needhj of a galvanometer to 5®, can 
readily be detected; its direction is always definite from the feet towards the 
head. This curious and remarkable fact was, I believe, first pointed out by 
Nobili, but accurately studied by the Pisan philosopher to whose researchea 
I have so often referrad. 

539. The diflerent structures of <be human body in common with eveijr 
form of matter, contain a large quantity of electricity in a state of equilibrium. 
Its existence can be easily demon-trntcd by merely disturbing this condition. 
The readiest mode of donig tins is by drawing a comb thruu^h tlic hair of a 
person insulated from the earth by a glass stool (302), and in communication 
with a condensing electrometer (375). At each stroke of the comb the con* 
densor will become powerfully charged, and on removing its nninsnlated 
plate the gold leaves will diverge most actively. In frosty weeUier the eleo> 
trie equilibrium is so easily disturbc<l in this manner thnt if n person comb 
his hmr before a looking-glass in a dark room, a torrent of sparks will be 
vibiijie wuh every movement of the comb through the hair. 

540. But there is, however, another state in which electricity exists in aoi 
mal stmctures—a dynamic condttioo, electricity in a ftee state or in the sutie 
of current This evidently is not anything superadded to the body, but is 
merely the electricity normally existing in a state of rest and neutral condi- 
tion, decomposed some cause or series of causes, by which its positive sad 
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negative elements are sepacated, their attpmpt at reunion t» raooiitlitlita liia 

neutral electricity giving rise to the phenomena we have been inraligating. 

It is now an incontrovertible fact that no nbemical change can po'^sibly 
occur without a disturbance of electric c juilibrium (395) j and many pro- 
cesses of this character are going on m tiie bod/. The first in point of im- 
pomjioe is the anion of carbon with oxygen to ftm oarbonio acid. In the 
zeapiiatoiy piooeae, this aeid, in the form of gsi^ isp with aqueous rapor, 
evolved from the lungs, in addition fa a oonsideiable quantity which exhaies 
with the perspired vapors from the surface of the skin. It is nearly im- 
possible to dL'tenniiie the quantity of carbon thus evolved in combination 
with oxygen wuh any great accuracy j but it seems pretty certain that alx>ut 
thirteen or ^Mirteen oonees are thus got rid of in 24 hours. During this 
period the greatest proportion is taken in with the angasta as mere carbon, 
and undersoss oxidation in some part of the animal i'rame. By this union 
with oxygen, carbonic acid is formed and evolved. Now we have already 
seen ('MC)) that, if we allow a piece of charcoal to undergo combustion m 
connection widi the condensing plate of a gold-leaf electroineter, tlio ^old 
leaves will soon diverge Witii iree negative ei^tricity, whiii»t the stream of 
carbonio acid escaping fiom the burning charcoal carries off with it free 
positive electriciiy. It is true that the carbon does not, during its union vrith 
oxygen in the animal frame^ become red-hot and burn with a YisiUe flame; 
but tin.- does not constitute a serious oljjectlon to our regarding the genera- 
tion of airlx)nic a< i I as one source at least of the excitation of fn^e electricity, 
Ibr the disturbance of electric equilibruuu does not depend upon the light 
and heat evolved, but from the act of union of the carbon with the oxygen. 

541. I have here only alluded to the oxidation of carbon; but we must 
leooUeot that hytlrogen, phosphorus, and sulphui^-elements constituting im- 
portant and essential ingredients of our food — are also thus burnt off and 
oxidated in the Ixidy, These must, like the carbon, become by this "very act 
sources ol' free clectrK'ity. But a more important influence disturbing electric 
equiiibrmni is ibund in the series ot decompositions whiuli, in the physiolo- 
gical condition oC the body, are always in action. It Is impossible that any 
two elements can be rent asunder without setting fiee a ourrentof eleetriciiy, 
wliicb, insigniAcant as it might theoretically appear, is nevertheless com* * 
petent to the production of many important phenomena. As one among 
innny examples, I would cite the case of coimnon salt, winch plays so im- 
portant a purl as an article of food, and for which perhaps alone, of all con- 
diments, a universal appetite exists. In addition to the pro^iortion of this 
substance which enters the blood unchanged, and beenmes an element of all 
the secretions, a part is decomposed, and one element in union with hydro- 
gen appears as hydrochloric aoid in the stomach; another, in union with 
oxygen^ constitutes, as soda, an import^mt constituent of the bile. What, it 
may be inquired, c;in be the influence of tiiese apparently infinitesimnl evolu- 
tions of electric matter, evolved thus from the resolution of a few grains of . 
salt and water into its elements? But it is easy to pfoduoe a mass of evidence 
to show that these small quantities of eleeiricity are more so in appeamaee 
than reality. A reference to the powerful eleouolytic influence of weak cur> 
rents will prove this (4ii(), 4 IT)). 

042. It is a remarkable fact, that when an acid and alkaline solution be so 
placed that their union be ctfected through the parietes of an animal mem- 
brane, or indeed any other porous diaphragm, a current of electricity is 
evolved, the causes of which disturbance of electric equilibrium has alreuly 
engaged our attention (456)* 

.Now, with the exception of the stomach and caecum, the whole extent of 
the mucous membrane is in the human subject bathed with an alkaline mu- 
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eons fixadf and tha eslttiial ooT6nng of &e body, the skill, la as oonstantly 
4 WT hn1ing an acid fluid, except in the axillary and perhaps pubic regions. The 

mass of the animal frame is thus placed between two <^Tent envpfop?. the 
one alkaline, and the other acid, meetinj^ only at the mouth, nostrils, anti aims. 
This arrangement has been shown by Donnd* to be quite oompetent to Uie 
evolution of electricity, and accordingly he Ibond that if a platinn|n {rfale ooop 
iMCted with the galvanometer be held in the moulh, whilst a seoond be pressed 
against the moist perspiring surlaoeof the body, the needles will instantly tra* 
verse, jtist as they did in the experiment I have just shown whh acid and 
alkali. The current thus detected hy Donnd at once explains the entrap and 
confirms the accuracy of the celebrated experiment of Professor Aklmi, in 
which he excited convulsions in a frog by holding its foot in the moistened 
hand, and aUowing the soiatie nerve to touch the tongua His emioas ezp^ 
ximent with the hStA of tui ox admits of a similar explanatioa (532). 

943. Within the last few months, the results of some researd^ of Liefaigt 
have rondpref! if vpry pro1:«ble that a large proportion of the electricity of 
muscular structures is owinL'' to rho mutual reaction of an acid and alkaline 
fluid. The blood, in a healthy state, exerts a decidetl and well marked alka* 
line action on test-paper : now it is remarkable that although a piece of mna- 
cnlar fleali ooniains so large a proportion of alkaline blood, still that when 
chopped up, and digested in water, the inAtskn dins obtained is actually acid 
to litmus paper. This curious circumstance is explained hy thp f.\rt -in- 
nounccd by Liebi?, that alrbonsh the blood in the vessels of the muscle is 
alkaline from the iribasic phosphate of soda, yet the proper fluids or secretions 
of the tissues exterior to the capillaries is acid from ilie presence of free phos- 
phoric and lactic adds. Thus in every mass of mnscle we have myriads of 
electric currents arising flom the mutual reaction of an acid fluid exterior to 
the vessels on their alkaline contents. Whatever may he the ultimate desii- 
nation of this lar^ quantity of electricity, it is at least remarkable that a ma«u 
cle should be really an electrogenic apparatus. We have thus two sources of 
the electricity of muscles — the eflects of metamorphosis of effete fibres on the 
one hand, and on the other the mutual reaction of two fluids in diflerent ehe» 
mical conditions. It is certainly curious thus to find a muscle, an organ long 
regarded as the motor apparatus of the bony levers of our frames, invested 
with new properties. In the course of twenty-four hours, n considerable pro- 
portion of watery vapor exhales from the surface of the body. This has been 
variably estimated, and in all probability is liable to great variation, but from 
thirty to forty-eij^ht ounces of water may thus be got rid of from the system. 
It is more than probable that the evaporation of this amount of fluid is suf- 
ficient to disturb the electric equilibrium of the body, and to evolve electricity 
of much higher tension than that set free by chemical action (386). Evapck 
ration fnay thus probably acronnt for the traces of free electricifv L'»^nendly to 
be detected in the body by merely insulating a person and placing hitn in 
contact with a condensing electrometer. PfaflT and Ahrens generally found 
the electricity of the body thus examined to be positive, especially when the 
circulation had been excited by partaking of alcoholic stimulants. Hemmefi 
another observer, ^und that in 2422 experiments on himself, his body was 
positively electric in 1252, negative in 771, and neutral in 399. The causes 
of tlie variations in the character of tho rlectric condition of the bodv admit 
of ready explanations in the varying composition of the perspired fluid. For 
if, containing, as it generally does, some free acid, it by its evaporation would 
leave the body pueitively electric (386), whilst it merely contains neutral salt, 
it would induce an opposite condition. 

• Becquerel. Thnt6 de l*Electricite, vol. uL 

t ComptM Hendas de PAeademl*, Jan. 18 and Feb. 8, 1847. 
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r514. Independently of fy>mhin^tion, chemical action, or evaporation, the mere 
cotitaoi of heterop:eneous org<inic matters is competent to disturb electric equi* 
hbrium. Thus a pile of alternate slices of muscular tissue and brain, with 
pieces of wet leaUier interposed, has been found by Lagrave to evolve elec- 
tricity ; and Dr. Baoooio, of Milan, has shown that a few altemations of slices 
of beet-root and wood of the walnut-tree were capable of setting free sufflknent 
electricity to excite convulsions in a frog when conveyed to its muscles hy 
means of a conductor formed of a leaf of scurvy grass. Matteucci has thrown 
out the suggestion, that the organization of a muscle is possibly such as thus 
by heterogeneiiy of structure to account lur Llie (ievelopment of electricity j he 
oansideics the analofgr between tha yolbuc wraagcmeats and the coastitadoa 
of iniissle to be oomplece, if we ooooeiTe the xinoi or osydixiDg plate, to be 
fepresented by the true fibre, the platinum, or <w>HVftf|tig plate, by the satoo* 
lemma, and the exciting fluid by the blood. 

545. Secretions and nervous agency have always been the favorite pheno- 
mena which electricity has been called in to explain, and with some con- 
siderable appearance of probability* Dr. WoUaston, thir^>ux years ago, first 
suggested iroiii the reflation of salts into their etenienls under' the ii^aenoe 
of feeble currents, that secretion depended essentially upon the electric stale 
of the sec^edug glands ; be thus regarded the kidneys as constituting the posi- 
tive and the lever the ne^^tivf* electrodes of the electric apparatus of the 
body. A curious aoeedotc is related ol Najx leon, who is said 1^ Chaptal to 
have remarked, on seeing the voltaic battery of the French Academy in ac- 
tioo,'* VcU^ doctntt,Hmag9 4ilavi$fh admm twtrfwJitf k pole, la vmkbpek 
pomkffdkfikUpoktugai^," We must admit that a grsaierMalMf exists in 
eveijr argument which assumes that nervous force and eledrioii^ aia ideatif 
cal, from the far t tlmt delicate as are our tests for this agent, it has never been 
actually detected traversing the nerves. It has indeed been stated, that on 
connecting needles plunged in the nerve of a rabbit with the galvanometer, 
and exciting the muscles of the limb to contract, coxrents have been detected. 
Other observm of high lepnte have stated that a steel needle plunged in a 
nerve becomes magnetic duiing the contraction of the muscle it supplies. 
Both these statements have been rigidly tested, and hUTO been fimnd utterly 
unsupportetl by the results of careful experiment. 

546. There is, in connection with this hyixjiliesis, a most interesting and 
important observation of Professor JVIatteucci, to whose ingenuity and patience 
we are m largely indebted; thk philosopher introduced a plate of platinum 
into the stomach of a living tMit, placed another on the liver, and connected 
both with a galvanometer ; die needles instantly traversed an arc of 20°, 
proving the existence of a powerful eiirrent between the liver and stoinach. 
This, it maybe observed, shows iLe existence of n current^hat does not prove 
whether it is to be regarded as an efioct or a cause of the chemical changes 
alluded to, for it has been already shown, that when au acid and alkaline 
fluid are separated by permease structures, thoy actually develop a current 
of electricity; and as the stomach contains an acid, and the liver an alkaline 
secretion, this might afford an explanation of the current observed by Mat- 
tencci ; and had the experiment ended here, this plausible objection would 
have been a iaial one. But the nerves and vessels X)assing into the abdomen 
were divided above the diaphragm, and in an instant the needles of the gal* 
vanometsr weie Aviated to 3^ instead of 20^; and on eutthigoff the head of 
the mbbit by a sudden blow, even this little deviation nearly completely 
vanished. Nothing conld be more conclusive than this experiment in proving 
that the electric current was the cause, not the efiect, of the chemical meta- 
morphosis of the saline ingesta, whose decomposition furnished acid to the 
stomach and aikah to the liver. How this current is exciicd i:i unknown , 
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although it can hardly he doubted that one nf the causes which we have 
already examined is competent for this purpose j but then there remains the 
difficulty of pointing out the route taken by the current to reach respectively 
the liver and stomach, for tbe pDeomogMitrie iMmi>at leatt in mttB, osmioly 
fiom their tuaatomieal distributioii, expkda this. 

547. Sir John Herscfaet has beautifutljr ezpressed the possible relation be» 
tween galvanic electricity and the rns nervoscL, and hint? at the brain bein^ 
either the organ of secretion, or at least of the application of this agent; ad- 
ducing in illustration tlie dry piles, as they are termed, of De Luc and Zani- 
boni (431), and remarks, that " if the brain be an electric pile constantly ia 
aotioD, it may be ooiioeiTed to disebaige ilMlf at regular iotarvali^ wlkeii Ifao 
tenaioii of the electricity reaches a oerlain point, along tbe nerves which com- 
municate with the heart, and thus to excite the pulsation of that organ/' By 
the "dry pile*' a tell mtiy kept in motion for many years, without nny 
obvious waste of power, and some analogous arrangempnt would eonsiuute 
the most constant and economic printum mobik of a moving organ which the 
resouroesof limited humahieaioa oan'suggnC; Jh, AaM has alio hinted at 
some each cause beiug theacdye agent which keeps npHiefegiilar pnlsaliaQs 
of the heart 

518. It would be quite out of place in a work intended for the general stu- 
dent to enter into any consideration of the interesting but strictly physiological 
inquiry of the relation existing between nervous agency and eiecincuy. It 
may ho suQlcieiit to state, that although forces are most certainly not identical, 
stUi th^re is a vast amount of evidence which supportslfae Idea that they bear 
to each cMher the relation of cause and effect In the lectures I had the honor 
of delivering before the Bpyal College of Physicians* of this year (1847) I 
entered as fully into this question as on r present state of knowledge petmitted, 
and to those I would refer the student for further information. 

549. The vital functions of vegetables appear to be frequently attended 
with a disturhonoe of electric equililn^ium, raffioient to evolve even sparks, at 
least if we are to be1iev% reports on this snbjeet Fooillet has satisilaeiorily 
IHPOved that electricity is evolved doling geimination, and Dr. Donn^ has shown 
that airrents may be detected by means of a detioate multiplier, in aUrijM 
fruits, passing between their bases anti a|)ices. 

From a few observations made by myself on this subject,! X arrived at the 
ibUowing conclusions 

1. Tbe great improbability of vegetables, on aoooont of their fecMe inside* 
tkm, ever becoming so charged with elaetrioi^ as to afibrd a qMUfc, and tbe 
probability of those luminous phenomena said to be exhibited by some plsati^ 
depending on other sources than on electricity of tension. 

2. That electric currents of very fcchlc tension are always circulating in, and 
exeriiiig iheii influence upon, vegelabie tissues m every stage of their develop* 
ment 

3. That electric ourrenis are developed during germination, and assist fa 

producing the important chemical changes proper to tliat process ^ and that by 
causing tl^e seed to assume an oppositely electrie slale^ we relsrd ov oheck its 

development 

• llspofisd fai As tioadoii Medieal Qasstis Ibr May, 1847. 
. t MsgariiisNat.HisL,N.a,Lfl9a. 
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NOTE. 

On die subject! trested of in this ohapcer, the student should refer to Beo* 
qoerel, Traite^ yol iv.; and to the first volume of Mulk r s Phyiiologj; The 

second volume of the Trait^ complet de Pbysiologif, of Tiedemann, contains 
some interesting inlbrmation on this subject ^ as also Part v. of seotiooTi. Mai- 
ler s Physics. 



CHAPTER. XXI. 
vnoLAmiSBD Lierr. « 

(TSI0BKTXCA& OOSSXDiaATIOVS AXB OATOffTmiCS.) 

Theorin tf Ught^ 550. Undukdory hypothesis^ 551 — 555. Velocity of lights 556. 
iMmimam and opaqm Aodigs, 557. Fkotomttry, 559. Cobn^ 560. Ligkt 
fOoivMl firom every pointy 561. Ra!f/9f 562. Jhd^kaiikm 9f Sgk, 563. La» 

of reflection^ 5G6. Raiio of mdikiU to reflected light ^ 567. Specula or minors^ 
668. Reflection from plane mirrors, 500. Images formed by, 570. Series off 
produced by (ico specula^ 571. Rejieclion from concave mirrors; Focus^ 572 — 
574. Reflection from convex surfaces^ 575. Caustics by reflection^ 57(5. Form' 
€dim cfunages by concam wl r y sn , 577—^ convex mirrm, 578. 

550. SovB doubt and obscurity still remain over the actual natoie of lighti 

notwithstanding the innumerable observations that have been made upon it, 
Pas:iing over the theories, or railicr vague ideas, of the ancients, wo find three 
dilferent hypotheses bavC} in modern limes, attracted most notice. The first, 
and till within the last few years almost universally adopted, was that of 
Newton; aooording to whom, light consists of an emanation of infiniteljr 
minute particles of matter, thrown off ftom tlie sun and other aelAluminoufl 
bodies, with an enormous velocity, and capable of exciting similar emanations 
from bodies upon which they impinge, and by whicii such Ixwlies arc rendered 
visible. The second theory, being that toward which philosopht rs of the 
present day generally incline, is a modification of one proposed by Descartes, 
and adopted by Huygens, Euler, and our late talented countryman, Dr. Young. 
This hypothesis regards light to be the resultofundulatoiy or oscillatory move- 
ments, in the ethereal or imponderable medium, filling up the interstices ex« 
iMing between the moipciilcs of ponderable matter, and extending into space, 
beyond the confines of our atmosphere. This undulatory theory, as it is 
tenned, is capable of afllbrding a ready solution to certain phenomena, to which 
the Newtonian hypothesis of emission is» at least at present, to a great extent 
inapplicable, and, on that account, hasreceived the support of most philosophers 
of the present dajr. Tlio third theory, proposed by Oersted, regards light as 
the result of a series of electrio sparks: this has met with but few supporters. 

551. According to the undulatory theory, the evolution of liuht is supjwsed 
lo lye produced by the ofK'illations of the universal ethereal me^lium, existing 
in the interspaces between the atoms of every material substanoe, and extend- 
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ing beyond the eonflnes of oar atmosphere into infinite space, In die Mine 
manner as sound is piodaoecl by the ▼ibtations of the denser medium, or nir, 
ODnstimting onr atmosphere. The movement* thus excirpd in the eminently 
subtle and elastic medium, or ether, are readily communicated to wUai is 
ordinarily ternied a vacuum, but which is really filletl with this impondera- 
ble matter, as well as to transparent bodies, by cansing, in ali piobabilttf, thdr 
particles, as well as those of the insterstitial ether, to assume an oaciilataix 
movement The ethereal medium contained within the interstitial spaces of 
transparent bodies is less elastic than that contained in vacuo, and this elas- 
ticity appears to dimini'^b with the increase of the refractive power of the 
subatan< c. The remarks already made on the vibrations of solids (77), and 
the undulatory or wave-like motions of elastic (206) and non-elastic floids 
(172), will render our ooncepiions of the nature of analogous movements in 
the eminently elastic non-giavitating medium called ether more easy. Indeed, 
it is necessary- to add but little to the description already given of the wave- 
like motions assumed by air under certain circumstances, remembering ol" 
course that the excps=ive elasticity and tenuity of tln^ eiher permits it to as- 
Eume the peculiar movements under oonsideraiiuu with aimoit incooceivable 
feciiily and rapidity. 

552. On the impression of any applied Ibroe each particle of edier, which 
is assumed to be sphetieal, oscillates latemlly rather than undulates^ So that 
it becomes alternately extended and depressed at its poles and equator, as in 
^e ease of the elastic b^H of ivory before dcscriiiod (17). In thisia teral 

oscillaiory trembling motion of the particle of elastic 
Fig. 273. fluid, its extension in one direction corresponds to the 

phase of elevation of a wave of water (172); and its 
phase of contraction, in the same direction, to the de- 
pression of the same wave. Thus, the movements 
of lurninons ether are rather tretnblinfr, or oscillatory, 
lliaii unduiatory. And such ukj i nt iiis become com- 
municated to distant particles without llie interme- 
diate ones becoming moved from their places, in a 
manner similar to that in wlildi an impulse commn* 
cated to the first of a row of ivory balls acts on the 
terminal one, and causes it to n'^^^ume motion ^76), the 
intermediate bn!l« rfrnninini: iiiwnoved. 

553. If light be propagated from a iuininous Ixxiy a towards B, its emana- 
tion from one point to the other will be effected by all ihe particles of cthef 
lying in its path, assuming an oscillatory or undulatory movement The pa^ 

Fig. 274. 





tide of ether at c will first commence to oscillate, contracting; and dilating; al- 
ternately at its two diameters as shown above; this motion will be propagated 
to n, thence to i, and so on. These motions of the ethereal particles will thus 
cause the whole line la to become luminous. 

554. A little reflection will show that the ultimata eflect of these move- 
ment? of conti;:jnons particles will produce n result a pro^ref"*^'^ '. ibratton 
(70) I the vibration or pendulation of each particle being peipendicuiar to the 
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path of the resultant ray. Now it u obvkms that in the ifaore duignun the 

particle c will complete its vibrations at the instant » commenees it^ motion, 
and 80 on with the other?; thus ceo and df will bo vibrating cotemporap 
neously in the same direction, wiiilst cd, sf, and » wiii move in opposite di* 
reetknii. Td oompue theie movemeiitB with the diflfoneiit phases of a wavo 
of water (172), let ns take six vibntiog atoms of other as befine, ab, ob, ww» 
Now Acm wiU be dilating in one direction whilst mm will be dilating in the 
opposite. Henoe ab, as well as cn, ep, will be in opposite phases at the same 
time, and their motions may be compared to that ol a progiessive undulation 
oi a rope (78), aa shown by the curved lines in the figure j the distances w v 

Fig. 275. 




will be equal to the len^b of a wave or imdnlntion, whilst tea and av will 
be equal to half a wave. We further learn that all the particles of ether in 
the path of a lajr Q<f light which are at the distance of 1, 2, 3, 4, &c., waves 
are undulating in the same^ whilst, tbiis 1}, 2^, 3}, Ac, waves distance aie 
undulating in the oppodte direction. In the consideration of luminous undu- 
lations, they must be regarded as propagated in all directions in an infinite 
series of planes round the luminous body, just as has been already explained 
m the case of atrial undulations (206). 

555. The waves of light, like those of socmd (219), are thus transmitted in 
eveiy )firection« extending on evety side of the luminous body, with an intoo* 
si^ inversely as the square of the distance (222) . Whilst sonorous vibratioiia 
are conveyed to the ear, throiifrh the atmosphere, by the particles of air com- 
posing the latter assuming a similar wave-like movement, the luminous body, 
as the sun, or a lamp, by e&citing an analogous undulatory movement in the 
oniversal ethereal fluid, (whidi becoming conveyed by contiguous particles, 
•ventually reach the eye,) communicates the sensation of light to that organ, 
io the same manner as sonorous vibrations convey the sensation of soutid to 
the ear. Thus, the cessation of undulations, or repose of the ether, produces 
darkness j a? the absence of similar movements in the air produre? ?ilenee. 
It has been objected to this theory, that if true, light ought to bend round opaque 
obstacles, in the same manner as the waves of water find their way round 
fixed obstacles, end be communicated throaii^ curved tubes, like sound, and 
Mnaeqnently that no tme shadow ought to exist. These objectkms, howeveTi 
are more apparent than real; for, taking the case of sonorous vibrations, we 
find that they do not bend round obstacles with facility, and that an acoustic 
shadow does-reall Y exist. Thus the sound of a rapidly moving carriage becomes 
lest distinct as it turtis the corner of a street} and sounds passing through water 
•t« itiU mote readily obstructed (229). The existenee of an acoustic shadow 
may be better shown by vibiating amnitig ftnrk, and holding it about six inches 
from the ear; siiddenly interpose a piece of card between the latter and the 
"^nnding body, inctRntly the tone will disnppear, nnd on withdrawing ihe card 
wiU a^in become au(bble,and so on. In the case of curved tubes, we know 
that whilst sonorous undulations are readily transmitted through them, those 
Of light axe completely excluded ; for no one can see through a bent bcass pipe. 
All, in this case, it must be ieoolIeeted« that the aides of the tube, whilst tfasf 
24 
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me suflSciently smooth to rejled sound and to n?si!me sonorous vibrations, th-y 
ate infinitely too rou^h and tm inelastic to retlt ct, or to assume unduiaiory 
movemenis sufliciciuly rapid to produce light There is no diflBcuIty in fleeing 
objecte through a tube bent twice at right angles, providing Ibor plane inir- 
ion are properly placed in its interior; and it is oenainlf ai least possiblei 
tel bodies aie not TislUe through bent tubes, because the opaque subetancee 
of which they are composed stifle and check any luminous undulation«= (551) 
tbnt may enter them. Lastly, whilst sonorous undulations are thus shown u> 
pass round inelastic obstacles with extreme difficulty, those of light are capa- 
ble of, to a certain extent, passing round the edges of opaque hodies» and 
tering their shadow, as shown in the phenomena of u^Uitien or d^pntdmm 
(634). 

656. Luminous undulations, (or, in other words, light,) are propnirHted frora 
the sun, through space anrl to the surface of our globe, with an enormous ve- 
locity, at the rate of about 191,515, or, in round numbers, 192,000 miles per 
second j and this motion is the same for light evolved from the most disttni 
fixed star as for that fiom tfie nearest self-luminotis body. This rata of pn^ 
agation of light was first discovered by Olof Roemer, a Danish astronomer, 
in the year 1676, when observing the occultation and emersion of the satel- 
lites of Jupiter. He fonnd that when the earth was directly receding in its 
orbit from that planet as from x to », itie emt rMon of m first tnf>on m, from 
its shadow at m, occurred 15 seconds later thau lUe calculated time. To 
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make this clear, let us suppose that an observer on the earth at a, watches 
the immersion of the satellite tn into Jupiter^s shadow ; now it is known from 
the period of its aotiie revolution, that it ought to emerge at m in 42 bourse 
28 minutes, 35 seconds; but if at the end of that time the observer agjain 
looks, he will have to wait 15 seconds later before he will observe the emer» 
gence of the satellites at m. The reason of this is that in 4t2h. 28' 35", the 
earth Will have moved in its orbit from a to b, a distance of 2,880,000 miles, 
and the fiAeen seconds were occupied by the light of the emerging moon to 
overtake the earth. In like manner when in the opposite side of its elliptio 
pafii, the earth advances towards the planet, the emergence of its moons wVX 
l^pear to take place proportionably earlier. The light of the sun consequendy 
requires 8 minutes 13 seconds to reach the earth, whilst diat of the planet 
Herschel occupies 2 hours 40 minutes in tra%'elnig to us. At least six years 
are required for the light of the nearest hxcd star to reacli us, and it has been 
supposed that there may exist fixed stars so distant that their light may never 
vet have reached our planet, and consequently they remain invisible lo us. 
Were a new fixed star at the distance of Sirius to be created, we should not 
be aware of it until six years had elapsed, and were Sirius itself to be anni- 
hilated, it would still appear to us to exist for as long ;i tunc afler its desiiuclion, 
557. All bodies may be divided into thc^e which are self-luminous, i. e., 
capable of exciting luminous undulations of themselves, as the sun, or a 
Ughied lamp ; and those which are vpaqui, and only become InmitMMis in the 
pvosenoe of Ihe former-: thus the moon and planets are opaque bodies, and 
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are lominons 0DI7 in oonseqneniie of the pmeiiee of the nm about whioh 

they revolve. A ^eat number of bo(!ies pos?f>?s the yjroperty of intercepting 
the passage of ligbt^and thus pro<lucin^' a shadow by obscuring the substance 
from which they intercept the luminous undulations. These shadows are, in 
general, bounded by right linei, cw present the same figure as the sections of 
the intercepting todies, io oonseqaeooeof the difficnlty of Inminoas andnlei* 
tionft extending tound obstacles. Swdi bodies as permit light to pass fhraqgh 
them are termed transpanni^ m oppositioirlo those which inteieept it, eoosl^ 
tuting opaqtu substanrer!. 

558. Non-luminous Ixjdies become luminous in the presence of self lumin- 
ous substances— eitlier, if suflieienily smooth, by reflecting tlie undulatory 
moyemeots beolt into the ethereal medinm, or by baviog vibtrmtions exdted 
in the imponderable matter contained therein, or perhaps eTen in the ma* 
terial structure of the body itself^ which, if sufficiently rapid, become ooni* 
muniVnte'l to the sviTrounding ethereal atmosphere. Thus then bodies are 
not reTidered visible by anything giving' off from a luminous source, and im- 
pinging upon them j but, by the undulatory movements arising from the al- 
ternate oondensatioa and eipantioa of ether commanicated to contiguous par- 
tides, end thence to the opaque bodj, whose incladed iraponderabie matter 
assumes a similar movementi and thus the body becomes in its turn a sonnse 
of fre?h luminous undulations. 

tS't'X The intensity of illuminations of any body m the presence of a source 
of iigiit will depend upon its distance from that source, and obeys the general 
law of radiant forces as attractions (2 1), thi itUtimty 0/ the light dummSimg as 
tkt sgnofv of tht Stftamet of th» hmiiom M^. Thus, if a single candle illii> 
minates a body to a certain extent at the distance of a foot, it would reqnire 
four candles at a distance of two feet, and of nine at three feet, to produce 

eqnal illuminr^tion. 

It i> oltt'ii iiri})oriant to be able to compare the intensity of two sources of 
light, and ibr diis purpose instruments termed photometers have beeu con- 
trived. Of these the most perfect is that oonkriYed by Prof. Wheatstone, con- 
sisting of a bead of silvered glass rapidly moving in two parallel lines by 
means of a very simple and ingenious mechanical contrivance. In this way 
t}ie two lights to be compared arc reflected as two luminous points apparently 
but a fraction of an inch apart Then alterin*^ the distance of one of the 
lights until the luminous spots on the bead are of equalin tensity, and squaring 
this distance fVom the photometer, their diflerent illnminating powers are 
readily discovered. Some approach to a comparative measurement of it^ 
may be obtained by ascertaining the actuates of the distances at which any 
two sources of light, as two enndlep, tf^rjniro to be placed, to c:\st npnn a wall, 
shadows of a rod of wonrl or metal oi equal intensity; these numbers will be 
to eacli other in the ratio of the intensity ol the light evolved from the two 
candles. The illumitiating power of any sources of light will of course not 
only depend upon the intensiqr of its light, and its distance, bat upon the 
extent or area of its himiaous surface. According to Dr. Wollaslon it woaM 
require 20,000 millions of such stars as Sirius, or 5,563 wax candles at the 
distance of a foot, to prodnre a li^rht eqnal to that of the sim. 

560. If the surfaces or internal structure of substances be arranged in a 
certain manner, the luminous undulations produced by it in the presence of 
a setf-himtooos body will communicate to the eye the sensation of whUi light ; 
but if it he so constructed as to check all the Inminons imdulations which act 
upon it, it cannot become the source of a fresh set of analogous movements, 
and is said to be black. We know that in the .^"olifm harp the strings assume 
different states of vibration, and evolve corresjjondinp: s<^uin1s, when acted 
upon hj a current oi air, according to the diameter and teiitiioti of the cords 
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(288); the tightest and thinnest string evolving the sharpest, the l(K)5e-t and 
thickest the lowest note. In a similar manner are the undulations ans»ng 
from any source of light supposed to be aliecLed by the physical structuies of 
bodies, by which the elaatio etheiwl msdimn contained in some aMines tui> 
dnlatcxy mmmenti aiialo0oiu to tbe tighUjr^ftielelied coid in the iEoIian 
bttrp»8iid dms a)mmunicat8 to the ejre the sensatkm of riolet or purple light; 
whilst the partirlos of ether contained in other substances under sinriiliiT in- 
fluence, oscillate with a less rU g:ree of velocity, and convey the idea ol red, 
on reaching the eye. The rapidity of the undulatory mOTemeot assumed 
and propagated 1^ coloied bodiai doef at inftiiieljr exceed lhat of aonoRMi 
Tibiatioiis as the density and elaatkntj of ether do that of the air. TIiim^ white 
to evohre red a body must communicate to ether whout All itiiUlooa of 
millions, and to evolve violet, not le?? thnn 699 millions of millions of un- 
dulations in a second ; the lowest note, or C of the fourth octave from the 
t«ise (241), is produced by 258, and the highest, or C of the next octave, by 
but 516 vibrations in a second of time. It has been cakjolated that if a string 
of tbe proper toaglh to pvodnoe a sonnd when TibratiBg, ooReapooding to the 
middle C of the piano, were biieoted 40 times, It wonld, supposing it waa 
still possible to make it vibrate, e^We not a sonnd but a yeUtwith-grttn KghL 
The yibcatk»B of a ooid iooreasiiig in zapidiqr with the diminiition of in 
length. 

Colors are <x>nsequeutiy no more innate or abstract properties of bodies 
than anjr paitMar aonnds or noiea ate; the latter Tarying wiih tha tenaioii, 
length, and thickness, of the substances, and the ibnner withoertai%pedinpn 

analogous, Tibiations of physical airaoture. 

561. Luminone undulations are produced by every portion of a body (535), 
and vary in their rapidity with the color of the substance If n ?mnll bole 
be made, or, still better, a convex lens be fixed in one end of a wooden box, 
blackened internally, and it be presented .towards any object or landscape, aa 
Inverted image will be painted upon a pieoe of white paper^ fixed at tho op* 
porite endf and p r em nt iag the ytKf aame bnea aa Aoobjeetof whiflh itis di» 
ittiag;e. 

562. A ray of light on the undulatory hypothesis, is a right line exteniling 
from the luminous body to the limit of tlie sphere of undulation; and conse- 
quently, in the direction in which the body is visible (053). To such rajrs 
Ao niidolations producing them are perpendiealar; they tneieine moag bo 
ooosidered as merely expremiag the diieolion of m ^<Ktf and noli aa ca tlio 
Newtonian hypothesis, as causes or sources of light 

51)3. When a ray of li^ht falls npon the «nrface of nny suh^tnnrr, it mnv 
undergo one or more of the follow if is: in cxiificat ions : A, h may he njiecttri 
back into the medium in which it was moving (566) j B, it may pass into 
the sobitanoe and be refracted (579), still retaining iti origmal characters ; or 
may, C, be divided into twopoitioos, each poaieningdittinet pbyaioal propertiao 
(650) ; D, a ray may become absorbed by having the nndnlatiooi piodiiolns ft 
checked (615) ; or may, excite a fresh set of 7indnlation«<, and con^cqncnt rajra, 
on the surface of the substance, thus rendering it visible ; Y, it may al-^o hy 
meeting with a second ray, have its intensity modilied by their mutual in/er- 
finnet (630) ; or, 6, during its reftaotion, or reflection, or partial absorption^ ao 
qnire new propertlei, eharaotariitie of pdlarteed light (661) ; and laitljr, bovo 
tiie raindity of the undnlationt prodnoiog it ao afihoted aa to givo rite to tho 
phenomena of colors (nos). 

664. When luminous rays prrK:eed from a very distant body, as the «nn, 
they may be regarded us paraiiel ; when they are given off from a point ex- 
teodiag as they proceed, they are termed dwtrgtntf and when they graauaiiy 
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approach each others as after being acted upon by a ccnu»ve minor or oonvex 
leoBt they are said to be cotwergetU. 

665. When pumtlei rayt f^ll upon a plane Mift0e» didf UlnmiDating power 
'Vnriaa with the angle they describe with it 
the most perfect illumination being produiy 
ed when they fall perpendicularly upon it 

Let the parallel rays a, 6, r, d, e,f, fall 
upon a iiuriace up, and it is obvious they 
witl All be eSeetwil in illuminatfaig its mr- 
face; bat if o» be inoliaed to nt, bat fimr 
of the six rays will impinge upon it, and it 
will be proportionB>)!y less illuminated. 
Hence ti>e Jaw that the intensity of the light will ht at Uu sine (aa) of tkt 
angle of inadtnce of the raifi. <v 

566. Wkenever a ray of light falls npon a plane polished surface capable 
of xefleetiog it, it obeys the Mine law as that of nOTing elastie bodies (62), 
the angle of inoidenoe and refledion being equal* Thus, let Ai be the em* 

fncc of n plane mirror, and DC a ray incident 
upon it: draw the perpendicular line PC, 
and DC will be refitted in the direction ck, 
forming the angle fcb, equal to the angle pc 
»; the latter being the angle dftacMbnee, and 
die former that of r^UiHon. If instead of 
the ray being incident on a plane, it had en* 
cotmrercd a onrved surface, U would have 
obeyed the Haiiu' law and lie rellerrcd at llie 
same point as ironi a plane, which would be 
a tangent to the onrre at ttiat point. Thns, 
If the ray no were ineident npon the concave 

aoilhoe oA, or the convex one a' a', it would still be refleoted ffom e in the 

same mannor as if it were ineident upon a tangent To either fiirve at c or ABC 
The lines dc, pc, and kc or the direction of the incident and leiiected ray, will 
always be in the same plane with the perpendicular. 

^67. A considerable propoition of the lumiooos andnlations beeonie diecked 
on impinging upon reflecting snHboes. Hius the intensity of the leflecced 
light is never equal to that of the incident; this loss diminishes with the obli- 
quity of the incidental rays. M. Bouger has given the following table of the 
proportion of inciflentn! to reflected ravs at different angles from the surfaces 
of water and of glass j the number of incidental rays being supposed to be 
iOOO: 




Angle of Incidence. 


Surface of waier. 


Surface of glat^s. 


85 


• 


• 


« • 501 • • 


. • 549 


80 


• 


• 


. • 333 a • 


. . 412 


75 


* 




• . 211 . . 


. . 299 


40 


* 


• 


. . 22 . . 


. . 34 


1 20 


• 


■ 


. . 18 . . 


' . . 25 


I 0 




• 


. . 18 . . 


. . 25 



Even when retlected from the surfaces of the- most perfectly polished me- 
tallic mirrors, much light is lost ; thus from the surfiioe of mercury at an angia 
of inddenee (566) of W bat 754 rays oat of lOOa bmma lafleeted. 
Whan ibaiaflaoiOTitdiaplwBoni^asaglaisplMa^lBMli^tltieae^ 

84* 
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thes<»wnd than from the first suriace, and this proportion is increased bfwwrt* 
ing the back with some resinous cementi oi, stiii better, metaUic atualgam; 
tfa0 viTiditf otHm teSktukm ikom ilie mtemd mpkm ^km«ampkMy eclipses 
thut fram the fint Thus, in lh« conunon lookh^^fbMi, the tarighft inM^oo 
■een in it, are reflootkns fixni the oeoond or coated Mkfece. 

5CS. Any substance possessing some retnilar form, nnd sufficiently polished 
to rellect light, is tt-miecl a gpecMlum or mirror. The;?e are tnacie of various 
materials, as of polished meial, or of glass, covered at the back wjth an amai- 
gun of tiiL Minors are made in various forms j of which, the pkmt consisio 
of a Uml tov&oe of poUshod metid or gtaw; tfao oanoarei pi e ienu • heUow 
■ur&ce like the inside, and the coaYeiK» a pi o j ecti n g ipe ifioi ot like the eJtio* 
rior of a watch glass. Besides these, mirrors have been constructed ia tha 
form of certain conic sections, as the ellipse, hyperbola, and parabola. 

569. Rays of light falling upon the surface of a plane mirror, as a loQ^uo^ 
glass, alwaj's retain Lbeir original rectilinear djiection after leiiectiou. 



Fig. 279. 




Let XB be the sorftoe of a plane pdiihed ininor, and ca be pmM mf% 
iDcident upon its tnrftoe, thqr will be lefleeted in the dimotion ai aneotrting 
to the law alxtadjT mentioned (566). Dwtrgmg mfB pimfieeding fiom^l MriMt 

after incidence, continue to diverge in the direction eff, and crmverging rays, as 
FFP, will continue to converge after being rellected from ab towards the point. 
In all these cases, as objects app^U" to the eye to be situate in the direcUun o( 
the rays which eventually reach that orj^n, to spectators placed at cJ, eee. aiid 
a, the lajs co, s, and wiU appear to Iwve oeme fram beliind tba mirtm 
AO in Uie direction of the dotted lines oV, a', w^j^j/. In all llMse casea » lbs 
effect of reflection is to thraar tht afyMraat origin of the mjn to die opporiie 
side of the mirror. 

570. As all bodies become imder certain circumstances the source oi lu- 
minous undulations proceeding from every point of the object, aiid |)os5e«6ing 
a degiee of rapidity corresponding to die ookm of the snbetanoe ; or, in con- 
Tentumal langnage^ all bodies evoiTO rays of the same o6kMrs as tfaeinsel^r^a; 
'it follows, that any object placed at cd (569)^ will appear to a spectator placed 
at «/, to be in the direction c'li', as tlie rays evolved from the object will, aAer 
reflection on ab, proceed in the direction arc, yrf, and conscqtiently nppcr^r to 
the observer to have been given off from some object situated ai c d', li^^ lar 
behind ab as co is before it This representation of the object so vividly 
presented to the idea Is termed an image^ and precisely resembles in tint asd 
outline the real object to refleetion from which it owes its origin. 

571. When two plane mirrors (568) are placed parallel to each oth»»and 
any object be situate between them, a lonj^ and almost infinite series of imnwes 
will be seen in each mirror, from the object and its image in one binng re- 
jected by the other, and so on, uutii these figures appear so remote as lo be 
InTiiibla. If iIm two lafleetingsttclheMbaineUnedtowaidBeaehotfaeiatany 
mglob the images of an objeet ptabad between them will appear to lie In the 
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circumference of a circle of which the mirrors represent the radii. This is 
the prmcipie of the well-known kaleidoaoope invented by bir David Brew- 
ales^ ia this elegant instnuoent, the images of the objects placed between the 
reflectors aie seen most beautdully anaoged when the latter Ibun an angle, 
which is an aliquot part of a ciide. Thus, if ^ angle between the mirrors 
be 00°, the images of the object will appear arranged in a circle, and a hexa- 
gonal figure will be produced; for if the angle be a measure of 180|theoumh 
ber of images formed will be equal to 360 divided by that angle. 

572. When parallel rays of light, as when emanating from a di:iiani body 
(564), be incident upon a tmemt reflecting 
surface»tlieyaie reflected asif Aom a series 
of planes, tangents to that surikoe, and aia 
made to converge. Thus if jieb be a jcoil* 
cave mirror, of which c is the geometrical 
centre, and paraiiei rays, as d^Jgh^ be incident 
upon it, they will be reflected aocoording lo 
the general Jaw of reflectioQ (566), and con* 
eeqnently be made to oonvecge towards a 
point F, sitimte midway between the centre 

c aiul the pomt £, p being consequently equal to half the radius of the con* 
cavity of the mirror. 

It is obvious that all the luminous imdulations producing the rays defgh will 
be reflected towards v, and, aniving at tbat point at flie tame instant, will 
cause any particles of ether fteie situated to be acted upon and agitated with 
ah intensity corresponding to the united force (534) of all the undulations 
propagated from tlie reflecting surface. On tliis account all the light and heat 
belonging to the incident rays will become concentrated nt p, and luminous 
and calonhc effects of corresponding intensity will be excited on any body 
placed on that spot This pdnt is hence termed the fwm or fire place of the 
minor mmm far paraUH raijf$; the distance n being termed ihie prmapoi JuttU 
tSttameef or focal Imgtib of the mirror. 

573. If diverging rays be incident upon a concfive mirror they will be con- 
veyed to a focus which differs from the point f in the last figure, in being situ- 
ated nearer the centre of the mirror's concavity. Thus, if rays diverging from 
a luminous source^ as a lighted candle p, be 

Ineldent apon a coocava minor ab, lliejr 
Witt be reflected, acoocdiag to tba general 
law, to a focus / much nearer c than the 
point F, or focus for parallel rays (572). If 
then the candle p be placed at f, the hniii- 
nous rays will be reflected by the mirror 
to'a Iboiia at r; hence 9 and / aie termed 
ttt^fmgaU fbeit fbt eitber bebomee die Ibens 
to a radiant pomt placed at the other. 
Whereas, if the souree of light be placed 
at P, the rays wili be rellectcd in a parallel 

direction, and never meet at a focus. If the candle or other radiant point bo 
plaoed nsaier the nofsoi than lito prmopal focut^ its rays will be reflected, not 
paiaUel bat divergeot, ae Ifaoogjh they were evcdTod fiom some point plaoed 
behind the minor, l^e conjoiele iboal dislanDe f(n diyeiging tays may be 

found br the ibrmnla — in which d ooireeponds to flie distance of flie 

source of Ij^ht from the mirror, and r to the radius of curvature of the latter. 

574. When converging rays ar<^ incident on a ooncave mirror, they wUi be 



Fig. 281. 
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reflected to a focus nearer the mirrnr than the principal focus off (572), the 
reverse consequently of diverging rays. These rays, falling on a mirror, ap 
pear to converge towards a point sitiHitod behind it, and their fiMSDs msjrbe 
Am&d hf the following fonnala, In wfaieh c oorresponda to the distsnee of tlw 
point of eontieigenoe from the minor, d wad r retaining their Ibrmer -valnei 

575. When luminous rays are ineiMent upon convex mirror?, they are acted 
upon in a manner opposite to that which they were by concave reiiecting sur- 
faces ; for whilst a concave reflector lessens the divergency, and increases the 
convergency of all incident rays, a oonVez one increases their divergency and 
diminishes ifaeir ecniTergenejr. Thus, if paiallet nys abedt (fig. 282) be inci- 
dent on the convex mirror ab, of which c is the centre of convexity, they will 
be reflected, according to the general law (560), in the direerion fr'ft'ff/, as 
if they had proeeeded from a point f y)laced behind the mirror, which thus 
becomes the virtual, apparent, or negative focus of the reflected rays. The 
focal dvUance s lor paraiiel rays is one^half of the radius of the convezi^ of 
the miiTor, and always situated behind the intnor, whilst in ooaanM refleeiots 
it is befitte it (572). In the case of diverging lays, the ibcal distance will he 
less, and finr converging beams greater lhan r. 



Fig. 282. 



Fig. 283. 






576. When himinous rays are incident upon a curved^ reflector, every point 
of it3 purfaee may be considered as an infinitely minute plane mirror (568), 
reflecting ail tlie rays falling upon it. When a series of rays fall upon a «ar« 
face thus constituted, they ailer reflection mutually intersect, and these points 
of intersection constitute a curved line, termed a camtic. To exiabu this 
caastie curve by reflection, nearly flU a glass tumbler with milk (fig. 283). or 
fit a cirealar pieoe of card into it about half an inch flmrn the top, and, es» 
posing the concavity of the glass to the sun or B. candle, a brilliant dooble 
curve will be represented on the «nrface of the milk, or piece of paper. 

577. Images are formed by spherical mirrors in the same manner as by 
plane ones (570), and diHer from ihose produced by tlte latter instruments in 

being ofadiflereatsiie from the object. Tluis, 
Fig. 284. if mys be supposed to emaDate from a dlMm 

body, they will, on being incident on tlie eon* 
rave mirror ab, of which c is the centre of 
concavity, be reflected to a focus at r, a littlft 
beyond the principal focus (i>7 2), and there 
paint an image of the object sd, diminished 
In sise, and, from die altered njative portion 
of the rays after rtflomimi, inverted in diieo* 




* 
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REFLECTION FROM COJiVEX MIHHORS. 285 

tiop. The image f will be extremely Tivid ftom its being Tirtnally 

nttted by all the luminous rays incident on the mirror. The magnitude of the 
image p will be found to bear the same relation to xd as the distance of p 
from tbo mirror floes to that of the object from it. If an object be placo<l at 
r, its image will be painted on a soreen piaoed at sd, diifused over a large 
space, and oonaequently ma^fled. 

578. IhtfaeoeM of oonT6simnofs,tbeSnH|geeatein an eveotpoaidQn,iniieli 
diminished in size, and behind the i^eoting si^tikoe as in the plane mirrors. 
For if an object na be placed beibie a oonTex minor m, wboee negative So/tm 



Fig. 28^ 




is at V, the Imninoiis rajre will, after iaeidenoe en Aa, be velleoled divwrgittg; 
and being seen by a spectator at a, they vriW appear to him as proceeding 
fiomaa object de behind the mirro?>yftd ean»ideiabiy siaaUer than j»i»of wbioli 
it is merely a diminished iawge. 
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CHAPTER XXIL 

■ 

vxrojUBixis ueHT. (dxoftaics.) 

Law of suvtSy 579. Jie/t adioH from deme through rare mttNo, 580. hidac ofn* 
Jraitiomt 981. Btfirad&m mvugh tv» HMdita, 582. Ratio Aifwcm r^riilm 

index and velocity of undulatiorUy 583. Limit to refraction^ wUnud rejtedion, 
585. UmumU reaction, mirage^ 586. Refraction through parallel furfacti, 

688 — through pnsms, f>80. Ijemeff, HPO. Refraction through fpheret, 591 — 
through rofwex lenses^ .Ji>3. Fonnulrr for focal lengths, 594. Refraction through 
concave ltn$e$y ^96— through meniscL atui concavo-convex Un&es^ .397. Caustict 
bjf refraction^ 998. JWiNOllow of images by lente$^ 51K). Magnifying power of 
Itnm, 600. S^pktrkai abmOhn m kiuut 603— m marrori^ 604. 




579. So long as a ray of light traverses a uniform mffHnm, it continue* its 
path in a right line, which it alao preserves when it is iuci ient on a diaphan« 

OU8 substance in a direction perpeoiiiculai 
to its surface. But if it be ine^enC in an 
oblique direetkMi, it becomes somewhat 
bent, or refracUd^ out of its original course: 
this bending, or refraction^ not being, to the 
same extent in every substance, as the 15- 
rection of reflection (56G) is, but varying 
considerably in diHereut forms of matter. 
Thtts, let AW be the surfiKe of a lefiaetiiii 
medium, as water; draw ess peipendieiilMr 
to it, and let ri be a ray incident on ib at 
s; a certain portion will l>e rpfloott^d (^)''''''»), 
the remainder entering tJie nieilmm, lui i 
instead of foliowing the direction *©, uiii 
be tefineted or bent towards d in the diie^ 
tioa VK. The line ts wiU, ilietelbfe, repm* 
sent the incident, and sKthe reftaeted ray ; fbc will be the angle of incideiiee^ 
and DKK^the nu^\r of rcfraciion. Draw the lines rf dk ; the former will be 
the sine of the angle fe( , and the latter that of tlie angle itek, and they wiU 
be to each other in a constant ratio for each refracting substance : the sine & 
being to the sine fc as unity is to tlie refracting power of the medium, or in 
the case of water as lio 1*396; the latter being the index of refnutkm of ibe 
roediam as, and is ibund by dividing the sine fe by the sine of reftactKMi 
From this reai^ning, we see that the incident and refracted rays mustalwi^ 
be in the same plane, btit on different sides of the perpend icnlar ckd. 

680. As the visibiUty of any two points mutual, it follows that a ray of 
light, KE (579), pasfiing from a refracting medium, adb, as water, will, cm 
reaching Uie surface, a, of a rarer one, be reftaeted into the ditectioD sr. lot 
this case, as as is the incident, and ri the refVacted ray, the line fe, wbieh is 
now the sine of refractkm, is greater than the line dk, or sine of inoklMice^ 
the reverse of the former ease, and fc will be to rfk as is to odp The 

index of refraction for a ray passing from a Jonser into a rarer nuHiium, or, 
in this case, from water into a vactium, innv be luund by dividing unity by 
the reftac^ng index of the denser medium, or, j.j^^; it is, therefore, equal lo 
the myroeatof the rtftaetlve Uidex of the water, or oilier dense medium. 
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REFRACTION Of LIGHT. 287 

581. The index of refnctkni, or, in other woidi, the lefiadive power of a 

medium, varies consldembly, being for chfomate of lead 2*974, anc! for air 
l'0(JO294, between which limits every intf rrnptlinie dpf^roe of difference 
exists. It was ascertained by Sir Isaac Newton, liiat irin;uniiiable bodies in 
general pc^sessed a higher refractive power than other substances; on which 
aooount he made the bold suggestion, that the diamond, whose refractive index 
ia aboot tl*439, eoniisted of a oombiistible substanoe, ("qui m probabile est| 
aabstantia est unctuosa ooegulata;*'*) a statement whose correctness has been 
amply demonstrated by the discovery of the true- i heinical iifiturr of th^dia- 
mond. As a general law, the greater the specihc gravity o[ tlie body, the 
more it refracts light passing through it; and the chief exception is found in 
the case pointed out bf NewioOi of inlBamniiMe bodies ; and if all&wanoe be 
made Ibr the geneially lower tpeeifio gravities of this class of sn bsta n ee S i they 
will be found to possess a greater abtohUe refracting power than any odier 
boilies. In the following table the index of refraction of ?fvcnil substances, 
when a ray is incident upon them Ccoai a i^cuum, is contrasted with their 
absolute refracting powers : 



■1 


Rcfraciing 
ludex* 


Absolute 

Rpfracl- 
mg Power. 


Name. 


Refracting 
ludex. 


Absolute 
Ruiracting 
Power. 


Vacauiu . . 


). 000000 




Alum 


1.457 


0.6570 


Hydrogen • « 
Oxygen ' • 
CoramoD JUrv 


1.000196 


1 3.0968 


Oil Olivee 


1.470 


1.2007 


1 .000272 


0.3799 


Oil Turpentine 


1.475 


1.351 


1 .U<)()2f) t 




Castor Oil 


1.490 


1.148 




1 .oooaoo 


0.4734 


Oil ot Cloves 


1.53d 


1.309 


AlDIDOMa <V 


1.000380 


0.4734 


Crown Glsii 


1^^25-1.534 


0.520 


CirUunic Acid 


1.000449 


0.4537 


Plate Glass 


1.514-1.542 


T 


CMori/ie . 


1.000772 


0.4813 


Arnbor 


1.547 




Xabasheer . 


1.111 


1 


Quartz 


1.548 


0.5415 


Flatds in Topaz 
Ice • • • • 


1.294-1.31 


? 


Flint Glass 


1.585-1.60 


0.7988 


1.309 


7 


Oil of Cassia 


\.m 


1.7084 


W.iter . " • . 
Ether . . . 


1.336 
1.358 


15 

2. Ob 


:cSi]!phrjrpt of ) 
('arl)oii i 


1.708 


1.4200 


AlcoUol . . 


1.372 


1.0121 


Sapphire 


1.794 


0.6556 


Hydrochloric ) 


1.410 


0.5514 


Garnet 


1.816 


0J^23 


Acid 5 


Zircon 


1.961 


n.nnr>4 


^Ptfrft? Acid . 


T.-no 


0.624 


Snlphnr 


2.148 


2.2000 


Sulpiiuric Acid 




0.6124 


Phosphorus 1 


1J224 


2.8857 


Floor Spar. 


1.484 


0.3414 


Diamond 

1 


1.439 


1.4068 



On looking at ih\9 tnble,it will be founr! that the absolute refractive power 
of hydrogen exceeds that of all other botiies, when allowance is made for its 
low specitic gravity. These absolute refractive powers are calculated on tlie 
supposition of the ultimate particles of bodies bemg equally heavy, by dMA* 
ifig the eioess of the square of the index of refiaction abore uniQri by the 
specific gravity of the substance.f 

582. When the refrnrtins; netion of any medinm, on n my entering it from 
a vacuum, is required, liie abovo table will etmblc lis to lind it; but when the 
direction of a ray passing from one medium to another is sought for, we must 
divide ^e index of reftaistion of the second medium by that of the first, and 

• Newton. Opites, sive de reflajdootbas, fte.| lofiis, Ub. iL pan. 3. ImiL lad. 8. QarlW) 

Londoiif 1719. 

t If swum. Opties, sivs ds i s i sM sai ba s, Itc, lads, lib. iL pis^. la 
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288 vmiUMOKD turn, 

quotient will s^ve the ntio of the •^ine of refrac lion to that of fncideiMM 
from one body to the other. Thus, if the index of refraction for a ray pf^««;!T^i» 
from water into plate glass were required, tlie index of retraction of the 
former beint? 1336, and of the latter 1-642, we have only to divide the latter 
by the former number, or -{■:|}{=1'154, the required index. 

583. Luminotis undolatifiiii are propagated through media, with ft irelocity 
wryiag with thor lelractlve power; the hi^ber the refractive power of the 
mediam the slower the ray of light movea through it, the velocities through 
any two medin being in the inverse ratio of the sines of refraction; conse- 
quently, if during a given time, a series of luminous undulations are propa- 
gated through a tube filled with air, of 100 feet in length, a similar series, in 
the same space of time^ will trnvanft fam 75 feel^ when tube oomiiBi 
water. 

584. When a n^* is incident on a reftacting surface, bdonded fagr curved 

Knes, the same law obtains as when incident on a plane. For if ab (579) 
•were replaced by a concave or convex surface, as ab cC'b\ the ray will 
follow the same course, as if it impinged on a plane, a tangent to the curve 
at the point of incidence. 

585. Fkom an inspectioD of the dtagnm (579), abo bdng ft nxer and abb 
a denser m^ium, we aee that die sine fr of the incident is always greater 
than the sine dk of the refrac^tcr! rays; and if the ray fe were incident at so 
great an obliquity that its sine would nearly correspond to radius, and, ronse* 
quently, that the luminous ray could only graze the surface of the medium 
AXBU, stiii a considerable portion of the light would really enter and be re* 
ftacted, as the aineof leftaetioD in a dense'ineduim is inTariablj lees ibnn the 
sine of incidence. The converse of this proposition is extremely lemarlnihle: 
tbt if Kx be a ray passing through the dense medium adb into a rare one 
ACB, the sine of refraction fc will exceed that of incidence dk (579). When 
KE is incident on ab, at such an obliquity that the sine of the refracted ray 
would oorrespond to radius, it ceases to pass out of the dense medium, and is 
r^uM fiom the raifiide ab hack into the medinm ABB,aooordiog to the ordi- 
natf hrar of reflectioa (566). This sudden conversion of refiactbn into le* 
flection is extremely itumailiahle, and affords the only instance of total refleo- 
tion with which we are acquainted; for if the ray be incident in n flcn^ie 
medium on the stirface of a rarer one at a sufficient obliqinty, it is totally re- 
flected, no light being lost, except from a lew undulauons Ijcing checked by 
the mediimi iCielC The an|tle at and within which this inUrnal rtfieetvm 
ooeursi is termed Its Umkmg Oftfb between refiaction and reflectioii. This 
Umiting dfqglt may be found by dividing unity by the index of refraction of 
the substance; and on looking for the quotient in a table of natural sines, the 
angle corresponding to it is the limiting angle, Thn?, a ray cannot pass fr'^rn 
water into a vacuum, if the angle of incidence exceed 43°-27' for j.^^zss. 
sine of Uiat angle ; nor can a ray pass from flint glass mto vacuum, il tiie angle 
exceed 88^*41^ ^ i ^sadSdO, the sine of that angle. The brilliancy of the 
light thus reflected &r exceeds that reflected fsam the best metallic nurron* 
This may be readily shown by nearly filling a wine glass with water, and 
holding it up, so that the surface of the flnid may be seen from beneath : it 
will appear like a sheet of burnished silver, from the perfect reflection of thf 
incident light, and no object held above it will be visible if the position of 
die eye be within the iMntw^ angle. 

586. When an dbjeot is vfaAred tiuoof^ two media of dlflec^nt reftaetu^ 
powers, very cturioas results follow. This may be often observed when aft 
object, situated at or near the horizon, be so far from us, that, in consequenOB 
of the curvature of tiie earth, a right line could not (XJnjfiecl it with the eye of 
the spectator, it vrill be invisible, except under a few remaikable stateSi oon- 
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Fig. 287. 



idtatiog the phencmena of unumo/ r^ arti iM. For the piodootion of these 

effects, it \a necessary that the strata of atmosphere near the earth should 
differ considerably in refracting power, either by one portion being more 
loaded with vapors, or possessing a lower temperature than the other; so 
tint, by the great degree of refiMtkm to which rays paniiig from the distant 
tk^ioL beeome fobmitted, they virtually reach the eye in carved linef, and 
the spectator sees an image of the object in the air^ in the direction of a tan* 
gent to these curved Unes, and inverted, in consequence of the altered zeladvo 
position of the rays passing between the object and the spectator. 

Phenomena of this kind, constituting the nwragt^ or fata morgana of the 
ItaHnni, mn ooeawonal^y aeen in great aplendor in the Straiti of Jfcteaiina. In 
the Bordi of Envope^ end in seveni paita of Great Brittdn, the mirafe bae 
been frequently observed, and is by no means of veryxaie oocnnence on the 
Knglish coast, in the evenings of hot autumnal days. 

Some of the conditions for the production of the mirage 
may be observed by regarding a small object, through the 
point of miztiiie of tiro flidds of diifewmt deoahiei, 
•ymp or alcohol, and water, when images will be seen 
on n plane hi^ior, and in an inverted direction, with re- 
gard to the original object The same effect may be ob- 
served by looking at an object across a red-hot iron, or 
over a charcoal chauffer j or still better, on a cool day, by 
xefuding a diilank widl or tiee over the boiler of a 
Vteam-eaniafe. The .wall or tree will appear to be di- 
vided into aeveral portioDs, and anrmonnted bgr inverted 
images visible for a considerable space above the source of heat, 

687. The transition from partial to total reflection may be beautifully seen 
in an experiment described by Newton.* Hold an equi-angulax prism, in the 
position shown in the figure, belbie an open window, in snoh a manner that 
a line dmwn fiom the egFO maj desosibe an Mi^e.of aboat 40^ with the 
taie of the prism. The base abcd (fig. 288) will appear to be Uaeoted tqrs 
curved iris, vv, of a bluish violet color, the space between vvac appearing 
of a sombre hue, in which reflection is extremely imperfect j but beyond vv, 
including the space vbvd, the whole will appear shining with a metallic 
splendor, the clouds and surroonding objects being depicted upon it with great 
briltfanof. The hris w thns divides the space between partial and total 
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MS. If • njr of Ui^t he incident upon* the snrihee of a feflraeting medinm, 
kwnded bgr plane pendlel tides, at a ptate of ghm^it will nndergo no chaafe 

• Optiee, tupraHmt* Lib. U. tip. lA, p. m. 
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of direction, if it describe a perpendicular to the refracting surface; in anf 
other direction it will be refracted acrordins: to the laws already detailed. 
Thus, if AB (fig. 289) be incident ua a medium, aa a pane of glass, CD, it 
will undergo refraction, and escape on the oppoait© side, in a diveetioo panlM 
to the inoideat lay. If diverging lays, as m, be imsident, they will, ate 
refcaction, emerge from cd parallel to their Ibrmer direction, their divergence 
having become diminished; and if converging rays, as klm, be incident on 
CD, and converging to o, they will, after converging firom the medium, reaily 

converge at F. . i_ i. • -^i^ 

589. Prisms are made of glass for optical purposes, witti their noei it 
wiouB angles of inclination* abc represents one whose sides are incUned id 
eaflhoiheratanangleof 60^; eAoa are tetmed the geftacting sides, and a» na 

Fig. 290. 




base of the prism. If a ray of light, dk, bf incident on the side ca, it will here* 
fracted towards its base if the prism be denser, and towards its apex if rarer, 
than the surrounding medinm. Let the firishi be of ghus, ami draw an 
perpendicular to Ae; the lajr aB> oa entering the prism, will be reftedad to- 
wards its bese, aiid oonsequenUy towards the perpendicular okl in such a 
manner, that the sine of the angle gxd will bear the «ame relation to the «!ne 
of FKL that the index of refraction of the glass |>rism (ioes to iliai of the sur- 
rounding medium of air. Hence, in viewing objects througli a prism, they 
always appear lu be higher or lower than tiie^ really are ; for, if an objetA 
be placed at a, it will appear to a person stationed at i* to be at if, becanst 
the ray fg, if produced, will reach d, and objecti ahimys appear lO 6f mbuUi 
in the direcHon of the rays which eventually reach fhe eye (669). 

590. Lenses are made for optical purposes constructed of glass, and certain 
transparent minerals, of various forma. Sections of the principal kinds of 
lenses are shown in tiie following figure j and, if these be supposed to revolve 
nmnd the axis ab, each will describe the penacular lens of which it is the 
•ectioa. 

iple sphere of glas?, c ; the dnuble convex B is 
bounded by two convex surfaces, concave to- 
wards each other; the double a)ncave s has 
both its surfaces concave, their convexities 
being opposed to each other; these two lenses 
may have both their surftces of unequal, or of 
equal curvature. A plano-convex lens v is 
merely half a double convex, one surface being 
plane, the oiher curved, as in the latter. A 
plano concave^ e, is a lens having one surface plane and the other concave. 
The lens a, termed a aieatscM^ Ims one surAce concave, Ae other oonvez, and 
these curves meet if oontinued; whilst the coiiaiw conms lens i has nmilav 



The ti^unetU lm§ is a 
Fig. 291. 
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unuoTioir moom oamm lbnses. Ml 

surfaces, but they do not meet if pmdnoed^ ss Ae oaam lurAoe hu » lener 

curvature than the oonoave j^idc. 

591. The course of a reiracted ray through a spheiical lens ma^ba reodHy 
UQclerstoodj for let a bcd be a sphere of 

flint giaM of a nttatidt^ index of 1-60 Fig. 292. 

(581), and let the parallel rays air* be 
incident jxpon it—the ray w, being inci^ 
dent perpendicular to the spherical sur- 
face, will pass thunigh without refrac- 
tion (579). To tind the course of the 
lay I, dtmw the perpendicular ilas, and 
pnxinoe the line a lo c with such an ob- 
UqoiQr that the sine of the angle 
may be to the sine of the angle xas as 
1 is to 1-60; the ray alc beromes thus 

bent towards the perpendicular ks. On reaching c, the ray will emerge into 
a lare medium, and will again suffer refraction, being bent from a line mcs 
perpendicular to the snrftee at c, at ntoh an angle that the sine of lqh will 
be to the sine of xcv in the latio of the fefinoiiye index of air, or 1*000294^ 
to that of flint glass, 07 1*60, Bf a similar pnioess, the course of the lay • 
may be found. The three rav? will thus meet at f, which is the prindpal 
focus, or focal length (572) of the spherical lens for parallel rays. 

On referring to the position of the conjugate foci of concave mirrors (573) 
it Will be readily seen that, if. diverging rays be incident on the sphere of glass, 
their focal distance will be beyond v; and if eonverging rays be incident, their 

focus will be at some point nearer the sphere than the locus ibr parallel rays, 

or F. 

592. The course of the refracted rays, and, confer] nfritly, the position of the 
focus p, will vary according to the refractive power of the substance of which 
the lens is consuucted. Thus, Sir David Brewster* has shown, that in a 
q»heie of Tabasheer, whose refiraotlTtf index is 1*11145, the Ibcal distance for 
parallel rays will be four feet from the lens; in one Of glass of a refVectiTe 
index of 1-5, it will be but half an inch; and in one of zircon, whose refrac- 
tive index is 2*0, it will coincide with the surface of the sphere. To find the 
foc&\ distance of a sphere from its centre, divide the index of refraction of the 
toaterial of -which it is constructed, by twice its excess above unity, and the 
qtmieat will be the distance expressed in radii bf the sphere. Thus, if the 
radius of a spherical lens be one inch, and its refractive mdex 1*6, we shall 
have 1-33 inches as the distance of the focns from the centre of the sphere; 
and by subtracting the radti]% or one inch, we obtain the distance of t from 
the surface. 

693. The (X)urse of a ray through a double convex lens, may bo found in 
we same manner as that already explained in the case of a sphere (591). 
I<ot the lens am be of the same material as the sphAre, and sira three lays 
entering it; ir will pass on and emerKB without reftaction. The ray, a, will, 
entering the lens, be refracted towards the perpendicular kos; and on 
f merging from c into a rarer medium, it will be again refracted, hut in a con- 
trary direction, or from the line scm, drawn perpendicular to the point of emer- 
gence. By a similar process, the course of tiie ray a may be ascertaineil ; kho 
^ill tbns be (band to meet at r, which is the principal focus of the hms. The 
vnount of lefraction experieixied by the rays on entering and emerging ftom 
t>ie lens, may be found precisely as in the case of refhiction through a sphere 
(591). Taking the ray a as an example: on entering the lens it will be re- 

* Treatise on Optics, p. 37. London, 18^1. 
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ftacted, 80 that the sine of the angle koi will be to the mne of ors nearly 
100 to 1 ; and on emerging from the lena at c, the sine of c»o wiii be to the 
gina of cur as 0*6252 to 1.0 (ObU). 



293. 




If the myi loddent on <he lens ib be converging, fo us will be n^rer 
the surAee of the lent than r; but if diverging, their focTis will fal 1 beyond tliat 
fiir parallel rays. The conrse of refracted rays, through plano-convex ]en^e% 
as well as thron?:h convex lenses of unequal curvature, may be found by ibe 
process already described for double convex glasses of equal curvature. 

694. The focal length » (592) of CQiL^ leiu»» c{ all kinds, may be^ftond 
hy the Allowing ibrnialsB : 

Radius of curvature of one surface = r. 

of the Other Kr\ 
DietuKseof the mtee of light a tL 
XKnaooe of die point of convecgeDCe ^ 
of the rays from the lens = d. 
Thickness pf the leoB « , s t. 



* For ParaM rayt. 

(A..) Doable oonTez lenaea of equal' oamiofe 
(E) Iknible oonTez leaMS of mieqiial etimtnve 

*■ + 

(C.) Plano-convex lenses: 
1, plane sorlhoe exposed 10 the mys • 

3, convex nii&ee exposed to the xays « « 

JHetrghg raift, 

2 (r X O X 

(D.) Unequally double convex leases v {(r+r^jX^^i—l^frXO 

dx r 

(£.) Equally doable convex lenses • d-—r* 
(F.) Plano-oonvex leases • « . yaa 




V 
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6 .) Eanally doable oooTex lens . v a* - . 

(IL) Double convex lenaee oif noeqinl eunnutaie 

2 (r X r^) X 



(L) PlaiicMiOBTexlesiies . . . ,^g^C^Xr) 

IT— 2n 

595. To find the course of rays incident on a doable concave leiu, as AB* 

let ^yo hp before, the my^ of whinh, ]t, will pass through without refhietion, 
x, on reaching o, will enter tlie glass, and become bent towards ks, n line per- 
pendicular to the point of incidence, in such a iiianner, that the sine of the 
■agle lOK will be to the sine of toe, in the ratio ul tbe index oi refractioQ of 




the glass to that of ihe air, as in the case of the convex lens (593). On reach- 
ing s, the ray £oc will emerge and undergo a second refraction, by which its 
<Uvei|»noe will be indeased. The course of tbe my a may be Ibund in a 
similar manner. Thus, tbe paiaUel rays aire are made to dlveite by refrac* 
tion through a concave lens, instead of converging, as in a convex glass. The 
emergent rays MT will diverge in the same manner as they wonUl if thpy had 
proceeded from a radiant point at F,as shown by the clotted lines ft, fh ; this 
point is the principal iocua of the lens, and is a virtual^ apparent^ or negative 
fteus, as in the case of reflection from conyesc minors (480). 

The course of redacted rays through plano-concave and dooble*eoncaye 
lenses, of unequal curvature, may be found by a similar process. From an 
inspection of tho last diagram, it is clear, that if the incident rnys on a con- 
cave refracting surface be converging, their negative focus will be nearer the 
lens; and if diverging, further from it than the principal focus f. 

99C. The negittive focal lengths, for parallel rays of all the varieties of con* 
Ave lenses, may be Ibund by means of the formuls already given for convex 
glasses. Their foci ibr converging rays may be found Iqr the formula for 
diverging rays and convex lenses (594, def), and tric^ versa. 

597. The action of menisci (590, a) and concavo-convex lenses on rays 
of light, is precisely the same as that of convex and concave lenses of the 
>*ine focal length ; the foci in the fornier being real or positive, whilst in the 
latter they are virtual and negadve. In both varieties of tenses, the fi>ci may 
be ibiuid in the Ibltowmg formute: 

(A.) For paralleliays ♦ . . f — 

2»* 
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SM. GbBitiooarvietafeiiRiMdIiflliointaneeCkmor 

refraction, in Uw nme iimiiiec,as by refiaetion (576). They may be Men by 

holding a glass sphere near the candle, and allowing the refracted rays to fall, 
af\er |>a5«in^ throiiE^h the ophere, on a sheet of papcT held neaiiy parallel to 
the iiorizomal axis of the sphere j a luminous figure, bounded by two sharp 
cuTTesi will be obaerTod, meeting at the pcant oorrespondiog to the fooos of 
Ills lana» ThMe oorw OHqr be mora diB^ntidf mm by coveri&ira-cyliDdikal 
ihui ¥Mial| S OOtnmon tnmbler, with black paper to about an inch of the 
top ; pour ^'ater into this vessel, until it rises half an inch above the level of 
tlie pnper. Cut a piece of white card, so that when placed at the level of 
the black paper, and perpendicular lo the axes uf the vessel, it may half sur- 
round the glass j iheu huid the latter up to the suo» or beibre a candle, wiUi 
the oaed mwaf ftom the loiiiDe of h^t The lomieoM rajm paaaiiig ttoooi^ 
the water will be refteoied to a ftona on the eerd ; and a triangpln huniniMt 
figure, hounded by caustic curves, wlU be depieied upon it 

590. Images are formed by lenses in the same manner as they are by 
tmirort (570). X4et ab be au object situated at a considerable disianca ; the 
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ra3rs propagated ftoln it will,aii feaohiiig ^eooDTOSt lens xr,iiiflhrrefiaotiaii^ 
and aAer emefgenee will paint on a screen, phwed near its principal tai 

(589), the image cd of the object, but in an inverted position in coaseqaoaoa 
of the crossing of tlie rays. If the screen lie removed, and a piece of ground 
glass bo placed at CD, the eye placed behind it, as at o, will see the image 
very distinctly j then let the glass be removed, and if the eye has been placed 
witbiii the Umiti of diatinot yleioii, a piotute of ibe dfajeol will be seen painted 
in tbe air, a little bejrond the principal Ibcos of the lent. 

600. If the object be within a moderate distance of the lens, its image will 
be formed on a screen as before; and will be visible mo?t distinctly when 
the object and the screen are each placed in the conjugate fix-i (573) of the 
lens. If the object be still nearer, and it be viewed through one of the modi* 
fications of the convex lens, it will appear larger, and if through a oonoavo 
leni| smaller than it leally is. This curious property of lenses entirely depends 
npon the apparent angle under which the object is viewed. Taking first die 
case of the double convex lens, ab (^'03), let the rays k?tg be supposed to 
pfiss from nn object placed near it, and the eye be placed between the lens and 
its focus f : under these circumstances, the object will appear to be larger than 
it really is; for if the rays fc, ro be produced, they will diverge at a vei/ 
ooosidemble angiei and, as bodies alwi^ appear to be placed in the di r ec ti o n 
pursued faj the rays, which ultimately reach the eye (580), the xays te, n 
will appear to haye passed Drom the objeot in right lines, and the object wiU 
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appear to the eye to be sufficiently larpe to fill up the whole nppning of the flngle. 
If, on the contrary, an object be viewpil tliroii^h a concave lens ab (^>^^'ri), it 
will appear to be diminished, because it is visible under a less apparent angle... 
F(v if an object be placed to that kB imfi mam suffer refiaetkm in the doable 
concftve Ient,tliey wiU divevge^and the ol^will appear toberitualed In the 
dhcBBtioo. of the light hnm sv, «r, inefaided in the angle of oonmgeoee of 
those rajrs. 

601. The manner in which the eye judges of the size of an object, according to 
the apparent angle under which it is visible, may be readily shown. If the 
eye placed at a views an object ab placed at such a distance that the right 
lines AMf SB, eonneotiDg it to tiie eye, may 

§am ma angle of 20^, it will appear of a Fig; 9Q6w 

certain magnitude. Approach ab to the « 
position a6, it is evident tlmt it will ap» ^» 
pear under a greater apparent aiijzle than '^a'^"-*- ' 
before, as a Une o, passing through it to "^f^'^**-.*^*-»r.ilr-, 
Ae eye, will, with m» describe a larger 
mngle, and judging of its size ftom this 
•ogle, it wili appear to be luger than 
when at ib. Bring ab to the position a^6^, 
it will dien appear to be twice as large as it was when al AB j foi B forms 
with B an ^ngle of 40® and 40 -j- 20 = 2. 

Thus, it is evident, that in yiewing an object through a lens, the longer the 
Ibeal distance the lesser apparent angle is k seen nnder, and eateris j9eri6MS^ 
die smaller it appears ; whilst the shorter the focal length, the greater the 
apparent visual angle of the object, and the larger it appears. In the above 
account of tlie refraction of rays, and magnifying or dimini^ihin^ power of 
lenses, it must be recollected, that the lenses under consideration arc sai^[)Osed 
to be denser, or of greater refractive power, than the medium in whiuh they 
nie immeised. For if they be later, or of jkiss fefiactive power, then concave 
lenses will cooTeige rays and magnliy objcclSi vrhilst conTes ones will diveige 
lays and diminish objects. 

602. The magnifying power of a lens may be determined by the limit of 
distinct vision lor minute objects, which is generally about tive niches, divided 
by the focal lengtJi of the lens. This refers to its Unear magnilying power, 
aikd only to the number of times it is magnified in length; its saperfldal 
power being obtained by squaring its linear, and represents the nmnber of 
times ita whole sniftoe appeals to be magnified. 



Focal length of 


lenses 




MagnilViqg power. 


in inches. 






Linear. 




Soperficiat 


9 


• • • 


. . • 


1*00 


... 




4 


• • • 


. • « 


1-25 


• • * 


1-5625 


3 


• • • 


. • • 


1-66 


• • • 


2-7556 


2 




• *• 




• * * 


6-25 


1 


• • • 


• . • 


5-00 


... 


... 25- 


iw 




• • • 


60-00 


• •. 


... 350. 



GU3. On referring to the diagram of the course of rays refracted by a con- 
vex lens (599), it will be seen that the rays passing nearest the axis of the 
lens will be refracted to a focus at a greater distance from the glass, than 
tboae whkh pass neaier the ctieninftMoe. Oit hpldtn^ a sefeen of gioaiid 
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glass near the foctis of the central rays, a picture of an object on the other 
side will be seen very vivid in its oeutre, but less distinctly defined at its 
edges; on giaddalljr withdmwing thfl aeraeii, lh« marginal portioii of tha 
piotuie will beooiiie more vivid as the centre loaea its distinetneaa. flienoe, k 
Is obviouSi that no object can be seen, with perfect distinctness, in every part 
through a convex len?», at the same moment, in consequence of this »pheriral 
aberration^ as it is terined. In r plano convex lens, with its convex side to- 
wards tlie object, this aberration amounts u> 1-17 of the thickness ol the lensj 
hot when the flat aide is towards the object, ammmlB to 4*d^ Id a doabte 
eonveK lens» with equal ladii of camUnni^ the abenalioiits 1*67 of in tfaidE^ 



These rules apply eqimlly to the varieties of concave lense*?. 

To remedy this aberration, elliptic and hyperbolic lenses have been pro- 
posed, but the difficulty of constructing them has hitherto proved an e^ectual 
bar to their general adoption. By means of the meniscus, spherical aberra- 
tion mmj be nearly eompletely Temcnred, If the oonves aailhoo be famed ia> 
wards die objeot; providing the distaooe of the points of eoovargence or 
divergence from the centre of the first surface, be to its radius as the index of 
rpfrnctinn of the lens is to unity. By combinations of lenses, the spherical 
abenauuii maybe reduced to an insensible ^uaatityj these are luUy describe 
in all works on practical optics. 

604. Spherkal abermtkm is also oibeerped in eonoara minoni and, as ia 
lenses^ intedbre eonsiderably with the distuietoess of the image. This sooios 
of enor in experiments in which mirrors are employed, am mily be etibtia* 
ally prevented by giving to the reflecting surface such a figure, as will enable 
it to reflect all the rays incident upon it to one focus. The paralwla and 
ellipse possess this property, and ru^thing but the mechanical difficulty of 
Ofiastruotiiv mirmts of these hgures preyeata their being employed instead fif 
spb0rical mirrors. 
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CHAPTER ZXIIL 

Pri$malic deannposUmn of Ughtj 605. Colmtd band* in the solar spedrumj 606. 
Mtfirae^ mdia$ fohnd rayt, 607. Meeomp ofiHm of wkiU %ibr, 608, 
ZemgthM and velocity of voavea of colond %Af, 609. XoMndb' rayt ofHBr&Mf 

610. ^Art^iciaUy colored Kght^ 611. ^mplificaticm of tpedrum by abtorptianj G 1 2. 
Complementary rotors, 614. jSbtorption of light, 6 1 5. Ditpertion of light, 6 1 G. 
JrrattonaiUy of ^pedTum^ 619. Epxpolic digpersiori^ iy20. Dark bands i?i spec- 
trum^ 021. Refractwe indices of^ 023. Limdmus propertm of spectrum^ 024. 
Clalon^ propertm of^ 625. CMmieal properties ofy 626* Ciirwf f^priffwlMy 
Itoe jw^MTftsf, 697, «lcAroiiioliMi| 688* XmNMOM tnta^^bvnee, 630. JVw- 
KeTf e^pcrwiMMl, 632. D^'roeficm of Hght, 633. Fringes produced by, 634. 
Experiments on inferfion, 640. Colors of thin plates, Oil. Complement nry 
colors, 642. Newton s chromatic table. 643. Mings by homogejieons light. < 44. 
Transmitted rings, 045. Colors of thick plates^ 646. Co^< oj small particles, 
' 647. 2^|(ory o/^ tAe ratn^ir, 648. 

60S. ly « number of luminous midiiUitiona 6e propagated throngb a prism, 

so that rays may leave it nt the same angle with rc;?ard to the sides as they 
entered it, their pliysical characters bedome remarkably affected. The light 
not only appears to emerge as if it had been refracted or bent towards the 
thick part of the piistu (589), but it becomes resolved into a set of undulations 
varying in amplitiide and rapidity ; and these are ibndeied obvkms after leav*- 
ing the priem, by their pioduoing the phenomena of colors (560) when re- 
ceived on a white screen. Thus, through a hole in the shutter de, lot a my 
of light 8W, b(" transmitted; interpose a glass prism abc, ,«o that the ray may 
be refracted through it, and a long ^pcctriMra composed of bands of didereot 



Fig. 297. • 




colors insensibly passing into each other will appear on n screen rn, placed 
at a proper distnnce. The upper colored part of thi,« speclruni wiW be deep 
violet, and tlie lowest a dark red. This remarkable eitperinienl was first 
performed by Newton,* and is usually termed the prismatic decomposition of 

• ppitee» lib. L, partly piop. 3^ exp. 7* 
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l|g|il.^i^liile li^ being considered as being composed of seven distinct and 
homogenfout colors. But it is almost impossiWf? to point out in the spectrum, 
as it is terme<l. any distinct line of dfmarkaiion betwer«n adjacent liots: for 
as the violet, indigo, and blue melt into each other, the latter color and green 
can scarcely be dintinguisbod «t tfldi point of junction, and the fellow, oimi^ 
end fed eie stUI moie cloaelf united. So that, although Sir Isaac Newion 
adopted seven, as the number of primary colors, it is better with Euler to 
consider that, whilst the extreme violet is producetl by the p-eater nnmTv^r of 
tmdulation:^, and the red by the smallest number, in a given time, there ex.i:?t8 
between these extremes every degree of variation in the rapidity of undula* 
tory movement, and oonseqnentiy infinite 'varieties of tints ami coiora* 

606. Aided if a lUend, whose peneptkm of colon he considered to be ts^ 
deticate, Sir Isaac measured with as much aocoxacy as possibly the limits of 
the different colored bends of the spectrum ; lie found their Icnj^hs, reckoning 
from the violet to the ret!, to be nearly in the ratio of the iiutnbers f , J, §, 
i' W> ^ series nearly corresponding to the intervals of sound in the dia- 
tonic scale or gamut. The following are die linear measures of the spectrum 
made by Newton, (who nnfortonately did not describe the kind of glass of 
which his prism was oonstracted), compared with similar measures made by 
Frannhofer with a prism of flint-glass,~e8ch philosopher dividing the entile 
length of the spectrum into 360 parts : 
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C07, As in the experiment above detailed (509), the violet rays underiro 
the greates^ and the red the smallest amount of deviation from the originai 
direction of the ray sw; the former are termed the most, and the latter die 
least reftangible rays. When prisms of crown and flint-glass are need, the 
ibllowing are the indices of refraction (484) of the dillereni colored lays : 





Red 


Orange. 


• 


Green. 


Blue. 


d 

- 


Violet. 


Crown^ass 


1-5258 


1-5268 


15296 


1*5330 


1-6360 


1*5417 


1*5466 


FlinH[hiss 




1-6297 


1*6360 


1-6420 


1*6483 


1*6603 


1*6711 



608. If a second prism afc of precisely the same kind be applied lo the 
first ABC, as shown in the figure (605), the colors will vanish from the screen; 
the undulations will be reduced to a uniform Telodtj^ and wliite light will 



9 



Digitized by Google 



LINOTH AXD Tl 



m.OV OCMRKD BATf. 



bp produced. This is termed f^r rccomposiUon of white liqht ; and as abcf re- 
presents the section of a parallelogram, ii is evident that resoiuiion and rocom- 
positioa of the lumiDOUS undatatioos ensue whenever they are propagated 
thiough a plate of gtau, whicb may be oomidered as being made vp of two 
very acuta angled priams ap|riied to eaob other so that their apioea nod bases 
0l>inci<lc. 

The recoml>ination of tlie colored rays may be also shown by holdincf a 
<x>nvex lens between the prism and ihc screen, which, if sufficiently near ih© 
Ibrmer, will bring all the rays nearly to a focus, and reproduce white light. 

609. From a set of aoourate admeasurements made by Newtont^e lUlow* 
ing table,* showing the lengths and rapidiqr of andulations producing the 
principal colored- la/s of the speotram, has been constmcted: 



Colored Bays. 


Length of lumi- 
nous waves in 
parts of an inch. 


Number of un 
dolations in an 
inch. 


Number of undula- 
tions in a second. 


JCxtreme Red 
Bed 


0 0000266 


37640 


458 mils, of mils. 


0*0000356 


89180 


477 


« 


II 


Intermediate 


O0000S46 


40720 


495 


u 


to 


Orange 


0 0000240 


41610 




' u 


ti 


Intermediate 


0-0000235 


42510 


517 


(( 


(( 


Yellow- 


0-0000227 


44000 


535 


u 


u 


Intermediate 


0-0000219 


45600 


555 


u 


« 


Green 


0-0000211 


47460 


577 


II 


u 


Intermediate 


00000303 


49320 


600 


« 


« 


Bine 


00000196 


51110 


622 


u 


w 


Intermediate 


0-0000189 


52910 


644 


u 


u 


Indigo 


00000185 


54070 


658 


u 


II 


Intermediate 


00000181 


55240 


672 


u 


II 


Violet 


00000174 


57490 


699 


u 


M 


Extreme Violet 


0*0000167 


59750 


737 


u 


a 



Thm red light is presumed to be-cansed by the ethereal medium perfinming 

in a given time about half as many oscillntions or tmdnlations as are neces- 
iiary to generate violet light. Hence the waves of the latter are nearly of half 
the length of those of red light. It may be estimated that about 421 biliions 
of waves are required to propagate red light during one second of time, and 
799 billions to generate tiolet light during the same period. 

610. From some beautiful reseaiofaee of Sir John Hersehel, in connection 
with the photographic powers of the spectrum (844), it appears certain that 
a band of colored light of still hif^'her refrangibility than the vinlpt mny be 
detected just beyond the limits of that tint. This new band is barely lumi- 
nous, and has been denominated the lavender band by its discoverer. From 
his more recent observations, Sir John, however, suggests the possibility of its 
possessing a barely luminous yellow color. 

611. The seven colors of the solar spectrum are generally rcgarder! as 
fimpff, becan«>o tliey cannot be separated into others by a second refraction 
throuiih a prism, in which tliey differ from the tinted light obtained by pass- 
ing the sun's beams through most varieties of colored glasses. When light 
passes through eren the most transparent medium, as water or gkiss, tome of 

• Treatise ea Ugiit} ia Eaoyolop. Metvop., by Sir John Uerschel| 52A. 
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its nndulatkms become checked, and these rarj in quantity aooordiog to the 
opacity of llie ibHwire ; the tWMmitlpd. wnMMkma, wImm nqrs MmMrfy 
moll ejFet eomnnnacate ths nnnioii that ook>r, which is prodoced 
tiie undulationi of flflftdc l^t mtmw those which have been checked ot ah* 

?or!)ef1 u-hil?t passing through the pi'ven medium. Thus, on holding a pieee 
of small blue glass between tlir eye and the Iv^hx, ilie iransniitted rays will 
be of a fine blue color, and consist of a tnixture oi^ all Uiose undulations which 
have Jiot been dieoked bf lha glass ; and if deoomposed by the prism, will 
exhibit the uml tpednm (60S), deficisnt oo^ in tfww rays wUoh were ab- 
Borbcd by the bkMf fiaas. 

612. Thf* rayg thus absorbed by the blue c:ln«'s are the red, %vith ?orne of 
the blue. Oil examining the sr»lar spectrum through such a piece of gla^?, 
which ia best done by placing it before a prism, through which the observer 
is regarding a hole in ihe window-flhotter, Sir SilTid Brewster ibimd that die 
greater pert of tbeied and orange rays had disappeared. Tim yellow fani 
appeared greatly jnoreaied in fareadth, em^oacbliig on the spaces formerly 
covered by the orange on one side, and the green on the other. Hence* the 
colored glas^ had absorbed those rays which, when mixed with the yellow, 
constitute ofange and green, and consequently the green of the spectrum be- 
comes deoomposed into blue and yellow, and the orange into yeliow and red. 
Ttaia has been by Sir David teimed the rimplificatioa of the speecmm, by ab* 
sorption, and greatly co^ioboratcs the views of diow pbihMoplieiS wlio have 
CO n t e I ) ded for the existence of but three primary colors, as red, yellow, and Une* 
Gi3. The solar ^'pectnim may therefore be regarded a? composed of three 
spectra of equal lengtlis overlapping each other, ihc red havmg its greatest in- 
tensity in the middle of the red space j the yeiiow in the middle of the band 
of that odor, and die maiimmit of the blue betwMi tlie band of thai color 

and the indigo. Sir David fan ezhiUled 
by means of three earveo tbe intensdeo 
of tint of the three spectra, which he con* 
ceives to constitute the solar spectrum. 
Thus, if CH represent this spectrum, the 
red curve m commences abruptly, at c, 
•ndlpEadiudlj deolineo to a; the yelloir 
one, TyOommences less idmipcly ; and tbe 
blue one, a, begins with a very giadnal 
ciirvc^ — the heights of these carves, or 
lengths of their ordinates, represent the intensities of the tints of th gs g jn> 
marjf iptdra in every part of ca. 

Plaong B Ibr die prbnaiy led, a Ibr die primary bine, and t for die pa- 
niaiy yellow rays, the following will be a view of the ptoportioni in whieb 
dieae laye esiflt in the ^veotnini, and in while light: 



Fig.m 




Color. 
WUle 

Orange 

Yellow 

Green 

Blue 

Indigo 

Violet 



Proportion of primary rnys. 

R 4- 30 Y 4- 00 B 
8R 

7R-h7y 

8 Y 

13 Y -f 10 B 
6 Y 4- 12 B 
12 B 

16 B + 5 R 



614. Each of the pri«maiic colors has some other which is said to bf* com- 
plementary (642) to it, and which when combined with it pxoducee white 
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light. If we regard the indigo as a separate color and regard it as a deeper 
shade of blue, the remaining six may be regarded as composed of three pri- 
mary (611) and three secondary colors. The complementary colors to each 
of the ibrmer will be the compound tint made by blending the other two^ 
whilst the oomptomeataiy tint to eaob of the latter will be that primaijr eolor 
whicfa does not enter into its oompositioQ. This may he 
seen at a glance hf the following dlagiam oonsisting of Fig; S09. 
three intersecting circles each representing a primary 
tint. In the centre, where tliey all overlap, while light 
is produced, at the other parts the complementary colors 
are exactly opposite each other. 

615. Media of various oolors ahsoib diflbrent primary 
rays, by checking the undulations producing them ; thus, 
the piece of blue glass already referred to (612), checked 
or absorbed the red, and part of the blue ; some pieces 
of red glass, or a combination of blue and red, absorb 
every ray except the homogeneous red. A solution of the ammoniacal-sul- 
phate of copper tnuisroits the Tiolet, but checks all Other tmdttiBtions; while 
the ammonlacal-oxalale of niokel checks the violet, and tmasmitB the Uneand 
led* This remarkable absorptive power of diflbrent sabstanees becomes cor^ 
ously modified by heat, as shown by the tints assumed by various substances 
at different temperatures; thus, the periodide of mercury turns yellow, bu> 
oxide of mercury black, and the salts of cobalt blue, on being heated. 

61G. On examining the solar spectrum (605), the green rays are observed 
to be placed very nearly in the centre, and are hence ftequentiy termed the 
mean or mtdimm raif$ of the spectrum. If, instead of using die prism refened 
to (509), one of the same kind of glass, but of greater refhusting angle, be em* 
ployed, the length of the spectrum, or distance of the mean rays from the ex- 
tremities, will be increased; and diminished, if the refracting angle of the 
prism be lessened. But when the spectra produced by two prisms, one of 
flint, and the other of crown-glass of equal angles, be examined, that produced 
by the latter will be fimnd to be shorter than that by the ibrmer ; hence flin^ 
l^ss is said to haTO a greater dupenmg power than oiown glais, because it 
spreads or disperses the spectrum over a greater extent of space than the 
other kind of glass. A thin hollow prism of glass filled with oil of cassia, pro- 
duced a spectrum of twice the length ofoneproducedby a prism of solid glass, 
on account of the great dispersive power of tliat fluid. 

617. If die priam abc bis of flint-glass, and erne of crown-glass am be ap- 
plied to it, the spectrum will disappear, and the spot of Kght wwill be repro- 
duced, not cok>rleS8,aswhenthe prisms were of the same kind of glass (608), 
but tinted on one side with purple, and on the other with green light. This 
arises from the unequal lengths of the spectra produced by the prisms of dif- 
ferent kinds of glass, and consequent different dispersive power, which prevents 
their (so to speak) completely neutralizing each other's efiects. 

618. The dispersing power of a substance is not proportional to its faidex 
of refiraction, and may be calculated by dividing the difierenoes of the indices 
of refraction for the red and violet rays, by the excess above unity of the 
index of refraction of the mean mys. Thus, the dispersive power of crown- 

gfaiM is 0 03902 Ibr 1-5466— 1-5258 mm •0208 (511), and '2^^^ O'OdOOS. 

The following table represents the dispersive power of a few substances, 
from the experiments of Sir D. Brewster : 
26 




Name. 


IKspeisive 
power. 


Name. 

■ 


Dispersive 
, Power. 




trloV 


vili oi Aurpenmin 




PhcMpbonif • • • 


t ' I ! 

1 


Amuer • * • • 




Suiphuret Carbon 




1 

i^uimona • « ■ 




CKi of Cloves • • 




jEcuer • • • • 


1 TIT 


Qil of outaiiM • 


A. AAA 


ly&sior VfU • • • 


- — ■ 


• Kock cait • • . 




vvttier . • • • 


no* 35 


cm of Tn)riiio « . 




f JBIB>glU8 • • • 




OaofOuftwaf . 


0-049 


Salphnrie Ackl • 


0031 


Oil of Juniper . . 


0.047 


Alcohol . • • • 


(m9 


Flint-glass . . . 


0-948 


RockCijsua « • 


COM 



619. Not oolyare the total lengdis of tlie speetm altered liy the snbsiiiiiliiMi 
of prisms of different dispersive powers, but the spaces occupied hf the co- 
lored bands are not proportional to the altered length of the whoJe spectrum. 
This curious effect is termed the iiralionalify of the spectral dispersion, and is 
remarkably well shown by using two pristns, one of oil of cassia (016), the 
other of suiphuiic aciti. If the spectra produced be of the same iengih, iLa 
most refiangible oolors, or those caused by the most rapid imdnlatioos (609), 
as tiie violet, indigOi and blue, will be found to occupy a much larger portion 
of the entire spectrum in the former than in the latter; the reverse being the 
case with the least refrangible rays, as red, orange, anfl yellow. 

620. A very remarkable dispersive action is excuetl by a very small num- 
ber of bodies on light, and to which attention has been lately directed by Sir 
John Heisdiel. This action seems chiefly confined to a variety of fluor spar, 
and to solutions of salts of two organic alkalmds^ qnimi and sescnline. ft m 
best observed in a solution of sulphate of quina in water acidolaled with snl* 
phuric acid. The fluid, although really colorless as water, disperses from its 
8urf5>ee, even when in the thinnest films, a lively blue licrlit, which wb^^n 
examined by viewini^ it throuj.jh a prism, appears quite iree from the pure 
red rays, part of the orange, and ail the yellow : this iias been termed q^ipolu 
dispenion (lviir«xi, a surface), from the seat <^ the action being at or near the 
snrfhce of the liquid. The light thus qn]pofiM(f, or, in other wordst tmnsmitted 
through the dispersing solution of quina, has undergone a physical diange^ 
and is no longer capable of developing' the blue tint of sulphate of qitina or 
other body possessing this propei-ty. This may be shown by tilling a glafs 
trough with water and placing U^hind it a tube filled witli a solution of qnina, 
taking care, by screens, to cut off all side light j the blue dispersed Itgbi will 
be beautiMly distinct Then replace the water in the trough by a aolotioa 
<if quina, and the blue tint previously visible in the tube will vanish. 

If the solar rays, admitted throngh a narrow slit in a plate of melil^ 
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be OEamined through a prism, a long spectrum traversed hy nnmeioua dark 
lines will become visible ; and the late Dr. Ritchie found that if a bottle con- 
tninint? nitrous acid «?a9 be interposed between the spectrum and the light, 
those lilies wili iacrease so much that the whole will pceseat the appeaiance 
ol a stn[Jed carpet. • 

These lines were first observed by Dr. WoUaston, and hare since been 
oarefiilljr studied hf Pkaunhfiftr, fowster, and others. None of them exactly 
oonrespond to the boundaries of Ae colored bands, and they a^ p ar for the 
Fnme kind of light to be perfectly constant. About a thousand of them have 
been counted by Sir D. Brewster. Several of these lines have been selected 
by Fraunhufer, on account of their distinctness, and the facility with w hich 
they are diaoovered* These lines are Icnown by tiie letters bcdspgu : of these 
B lies in the red band nearest its extremityi o further adyaneed in tiie red, 
n is ft strong double line in the orange space, very readily distinguished, k in 
the j]jreen, p in the bhie, r, in the indigo, and H in the violet spaces. There 
are, besides, three very remarkable lines in the cren-n \x\nd between b and f. 

622. All these dark lines arise in all proljability from certain undulations 
beooming checked or absorbed (012) during the passage of the light to our 
earth ; those above referred to are constant only for the light derived directly 
or indirectly from Ae sun; for almost every fixed starluis its own tystoA 
of lines. The line s, indicating the place of a deficient ray, appears to be 
very constant in the light of the planets, and of many of the fixed stars. The 
spectrum from lamp liglit appears deficient in three dark lines, n being re- 
liiaced by a double bngiit oue^ the ray thus wanting in the solar spectrum, 
appears tooofrespood to the honpogeneous light evolved during the combustion 
of alcohol, in which oomnioii salt has been dissolved, as in &ewstev's mono* 
ehromatie lamp. 

r>-23. The great value of these fixed lines, is their enabling us to take very 
fipciirute measures of the refmctive (♦*>81) and dispersive power (005) of 
bodies. The following is au abstract from the table of Fraunhofer s admea- 
surements of the reiractive indices of water, oil of turpentine, flint, and crown- 
glassy ibr the rays a to h ioclosive (621). 



8e£rsetinf Medtum. 


Names of Rays referred to. 


B 


C 


D 




F 


O 


H 


Water. Ist obser-^ 
vatioa . • | 

Water 8d obser-) 
vatioa . . } 

on of TQTp«ntine 

Crown-glas* Ist ) 
•peelmea . «) 

Flint-glasa Isl spcc'n 




1-331712 


1-333677 


1335851 


1*337818 


1-341803 


1-344177 


1330077 


l-3317Ud 


t-333377 


1-335849 


L'337788 


1-341261 


l-3441€d 


1*470496 


1*471630 


1-474434 


l'478a53 


1*481736 


1-488193 


1-493874 






1-637992 


1*031393 


1'04337 


1-539006 


16S4684 


1-602042 


L-ti03aiOU 


lG084d4 


1614532 


1620042 


t(>30772il-64UJ73 



6d4, The intensity of light in the solar spectmm appears to he greatest in 

the yellow band, and frnm tTiat space it decreases to lx)th extromitic? of the 
whole series of tints. Fraunhofer hasexhibited these variatiniis in ih*.' li^^htof 
the ditferent parts of the spectrum by the curve BKK, the ordmates of which 
iiulicate the intensity of light in the difierent parts of the spectrum a v, iu which 
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FrauDhdfer's tinea (623) liftTe 
toarked. Taking the oidiiiBiB kx liklliBg 
nearljin the boundary between the yellow 

and orange as unity, the following will 
represent the illuminating ]xiwcr of the 
speclnaii \\\ the different portions ooeu- 
jiied by i'raunhofer s rays ; the red ex* 
tremity being indkaled by r, and the 
▼inlet Iqr r: 



Parts of the 
Spectrum. 



R 



B 



E 



Intensities 

of light in 



00 



0*032 



0*94 



0-64 



0'48 



0-17 



0^1 




625. The calorific powers of the spc( tmm incrense from the violet to tho 
red extremity, and even extend beyond ii, the obscure space bouuding the red 
extremity posaewing n higher tempeiatme tfian the fed band itself (h 605) \ 
ao that it is evident, that when Inmlnoos ondulations aie propagated tfaraugb 
a prism, a certain amount of them moye with too little zapidicy to com muni* 
cate To the eye the sensation of light, and are only to be recc^nized by their 
caloritic effects. These rays of non-luminous heat are less ref rangible than 
the rays of red light, and are therefore found in the greatest abundance beyoud 
the band of that color. 

These calorifie mya have their sitnatkm altered aoooiding to the lefiaetiiig 
medium of wbidh the prism is ooostnicted ; being, according lo Prof. Seebeck, 
in the greatest number in the yellow band, when a prism of water ; in the 
orange, when one of sulphuric neid ; in the middle of the red, when one of 
crown-glass; and beyond the r( d, when a prism of flint-glass i# used. These 
phenomena are explicable on the supposition that there exhst in the solar 
beams, rays of heat of difierent refrangifaiUties (851). Consequently the re- 
ftactiye power ibr heat of the medium of which the prism is composed will 
materially affect the dispoaion of radiant heat over the luminous spectrum. 

From the observations of Nobili and Melloni, on a spectrum produced bv 
a rock-salt prism, the highest temperature was found beyond the red, and 
about as far distant from it on one side as tho blue band was from it on 
the other. The following were the results obtained by JSir H. Engleficld: 
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Temp, by Fahienheit't thermometer 


86« 


58" 




720 


79° 



686« The ehemitel action of solar light, in producing chemical combination 
and decomposition, bat been long known, and this, like the heating power, 
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appears to reside in greater intensity at one end of the spaetfnm than the 
other. This may be shown by dipping in a solution of nitrato of silver a slip 
of paper, previously washed over with a solution of common salt; on firyin^ 
thisj and exposing it to the action of the solar spectrum, a very remarkable 
efiect will be observed. In the course of a few minutes the chloride of silver 
with whieh the paper was iroboed, will become of a deep slate color in the 
violety and in tlM sombre space beyond it ; whilst in the yellow, orange and 
reel, it will remain scarcely affected, its color being less altered in the blue 
than in the violet, and still less changed in the green (864). Tlins the rliemi- 
cal action of the dilferent rays of the spectrum appears to be concentrate^i in 
the violet band, and in the dark space beyond it, at tlio directly opposite end 
to the seat of the oaloriflo rays, including the lavender band (010) noticed by 
Sir John HertcheL So that there is a reason to believe that those ondnlatioRS 
which are propagated through a prism with too great rapidity to act on the 
OTgBrt of vision, possess thr- power of exerting certain chemical effects on 
many subf^tances, in the same manner that calorific effects are exerted by 
those undulations which move with two little rapidity to produce the sensa- 
tion of light.* Granting this, we met with another circumstance in which 
the propagation of light by the nndatations of ether, and of sotmd Iqr those 
of air» correspond. For it has been already shown that to most persons aAiet 
waves moving with a velocity sufficient to strike the ear less than 10, or more 
than about 8,000 time? in a second, are inaudible (-03); whilst ethereal un- 
dulations, if less frequently repented than 458 millions of millions, or more 
frequently than 727 millions of uuiliuas of times ia a ^ecuud, are incapable 
of acting on the visual organs, 

62 7. If DB represent the solar spectrum produced liy flint-glass, and ab db the 
iion«lominous portions beyond it, at each extremity, the cnrve maa will give 
on idea of the position of the calorific rays, and acd the position of the chemi- 
cal The longest ordinate of the curve sob falls without the red ray a 
in liie objure space beyond it, where the calorific efiects are most manifest j 



Fig. 301. 




and the longest ordinate of the chemical cnrve acd falls in the dark space 
beyond the violet ray t, where the action on chloride of silver appears to be 
most intense. Both corves rise abruptly, and gradually decline to zero at 
opposite ends of the spectrum. 

628. When light passes thiou|^ a prism, it becomes resolved into a series of 
colored rays, of which the most refrangible become bont towards the thick part 
of the refractor (^105) : but when it p a s:»es through lenses, an analogous resolu- 
tion into colored rays is not so readily observed, altliough it does exist, and to 
so great a degree as to interfere most seriously with the perfection of micro* 
■copes and telescopes, causing the image to be tinted at its edges with varioat 
colors, prodneinK cknmatie tAmation. The section of a convex lens nuiy be 
represented hgr two prisms ab, plaoed base to base, and that of a concave b^ 

• Vide Chapter XXX. 
26* 



two ot>^<?rfl en, witli their apicpp in contact. On r\ ray of light being incKlent 
apoo vach. elementary prismsi it undergoes retraction and resolution mto co- 
Fig. 302. 





Fig. 303. 




lored rays, nnd the most frangible, or violet TV, are bionglit to a ibcns nearer 
tile itns, aud the least lefrangible, or red BB, to one at a greater distance ; m 
Aat, on pbusing a piece of paper at SF,the imiige of the sun or other Inminoni 
body will be seen flarioanded by a violel or a pnipla hoidef, whieh will be 
leplaoed by a red one on moving the paper to ea. 

629. The greatest improvement ever made in optical instruments consists 
in the di*wvery of achromatic lenses; these are iurnied by couibiiiing a con- 
cave and a convex lens, constructed of substances of ditferent dispersive pow- 
«rt (616). Thnii if a ooovex lens made of etown-giass, whoee diipenif» 

power is 0*036, be oombined with a oonoaTo lane of 
flint glass whose power of dispersion le 0O393, a com- 
pound lens will be constructed capable of refracting 
white light to a colorless focus. This combination 
would be perfect, if the colored bands produced by 
prisms of diese two glasses were of equal breadth ; biH 
in eonseqneoce of the inationality of &e speotm (019), 
this perfect neutralization of tint takes place only with the extreme nya, the 
violet and red; the intermediate ones imperfectly destroying each other, cause 
the object viewed thron*»h ?\irh eompound lenses to be bordered by fringe?, 
which, however, are so laint, tlmt lor all ordinary purposes the combinatiou 
may be considered as achromatic By employing certiiin iluids, as hydro- 
chloride add conflned between twolenaee of crown-glass, Dr. Blair ovevoaiDe 
this remaining diffionlQr, and obttilned a compoand lens, perfectly achramaiiB 
fcr the intermediate as ^ the extreme rays. 

630. When two or more undulations emanating from the same sourre, act 
on a particle ot ether, it oscillates with an intensity corrcspondin'^ to the com- 
bined force of tiie undulations (554); the same thing occurs, pruvuimg the 
latter are of equal length, or differ by a given number of entire undulations, 
even when they emanate fkm diSbrent toureee. Bat if the waTCs aotiiv oa 
a particle of ether differ by any fractional Dumber of undutaitions, they in* 
terfere and oppoee each other's action, and thus actually produce partial or 

total dRrkness. To render this more clear, if any 
iiumber of rays i>r xlnced by 1, 2, 3, or any whole 
number of uudulauons, act in concert, incr^se of 
eflect is piodnoed| but when a certain portion of 
the mye are produced fagr 1, 2, 3, or any whole nom* 
ber, whilst another set are produced by 1|, 2|, 3i,cc 
any fmr-tionnl ntimber of undulations, interference, 
and obscuration take jjIhcp, from the tnnttial checking 
of a certain number of waves. This may be ren- 
derod more intelligible by drawing two sets of waves 
coolaiolng the Mune ptmiber of undulatioiis, as 4^; 
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mny p«rtidieof etber al o mnit be made 1o assume a movement corresponding 
to the oombined aotioQ of a and a, and a oomapondlug intensiqr of light 
will lesnlt. Then alter the relatiTe positioo of so that ▲ may begin 

one-half an undulation later than b, as at a'b', then it is at once seen 
that they will be alss ays in opposite phases; for any particle of ether at 
c' will be acted on ia opposite directions by a' b'; for whilst the undulation 
F is moving from right to leii, £ is moving in an opposite direction, and mu* 
tually opposing, they will ceate to aet on a particle of edier at o, producing 
dnrkaess by the conflict of two laminoos undnlatlonB, If the waTOS of light, 
instead of meeting at the end of an entire hal^ondufaUion, encounter at any 
fractional part of one, partial interference will ensue, nnd colors will be de- 
vel( >] >< ( ), ben ring a relation to the length and velocity of the i^n*^^ilflHT?n 
remaining undestroyed. 

Ill thk explanation of the interference of himinoaB wavea of ether, it nraii 
be borne in mind that the aeries of ptrogreieiTe undnlalionB here flgnied are 
aasmned merely lor the sake of facility of demonstration, as it has been 
already pointed out (552) thnt undulations of highly elastic media, as ether, 
consist of a ?eries of alternate expansions and contractions of spherical mole- 
cules in opposite direcuoas, and not of any truly progressive move cuts. 

631. We have already seen that the iuiericrence of sonorous undulations 
produce silence; and in the extension of tfiis fact to laminoos waves, we 
meet with a striking analogy between the oscillations of particles of ether and 
of air, the difference being rather in di^ree than in kind (176, 230). The com- 
bined or diminished action of himinons unfhdafions, bears a remarkable 
relation to musical discords and concords, the former beiii^^; i roduced when 
sonorous vilirations, differing in their rapidity by iVactional portions, interfere ^ 
and the latter when similar vibrations, beiuring to each other a relatioa in 
whole numbers, strike the ear together. 

632. An experimental demenstfatkm of die interference of luminous un- 
dulations may be obtained, by an experiment first proposed by M. Fresnel. 
Allow a my of light to fall in the direction pc upon a jirisra willi an exceed- 
ingly obtuse an^'lo. Then the eye placed at ▲ will see the radiant point 
double, apparently in tiie directions ud, and between these two points, a series 
of dark and bri^t Unes perpendienlar to a line joining the two images. If 
homogeneoos lig^t (609) be entiploTed^as that from a spirit lamp with a sal^ 
ed wkkf the lines will be altevMalely yellow and black; but if coounon light 
be emplofed, they will be tinted with the prisDMUw ooksis. 




The explanation of these colors is plain cnout^h. The two images bd may 
be regarded as the centres of two series of undulations, put, as we have seen, 
in the case of two series of waves in water (176). When these undulations 
meet in the same phase light is developed, and when in opposite phases, in- 
terference is piodnoed, and darkness or cotored li#it occurs, according to cir> 
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cnmstances. In xht^ alxi\'e figure, ihc dotte l curves show the boandaiiea of 
the hn!f, ari l the entire curves those oi the entire undulatkms. T he lliciof 
dots show die point* where lumiocns interfi^reiioe ooeuMi A fine cqMPMif- 
wn erudt, proving the nal origiiiar theM aerk brada, Is in«le by coveriDg 
vp oiie4iaU'or the priim; Uie intedbiiDg myi utt then eot ^ 
luf ff f if fiy vaniik 

633. An intcrenting ict of ilhiptrations of tlie doriruie of hnmaous inter- 
fpr^nr(>, i<? mpt with in the phenotn^na of diffraction diacovered by GrimaUii, 
a Jesuit of B<:»logna, To oUerve die^ properly, a beam of diverging li ght it 
neoeseary; this may beeblvned by making a wiall hole ina window rimHK^ 
and raoeiving the light on a teieen at the distance of some feet If a oontr«C 
lene, of email Iboal lengdiibe fitted in the hole in die shutter, the liiiht is re- 
ftacied ahnosttoa point, from wlience it diverges in a manner extn mejy 
fifted for exT'eriments on (iidraction. For sniall experiments, a pyraimdal 
box, AHrn, a x (It two feet long, and blackened inside, may be advantageous!/ 
employed ; at x, a convex lens, of an inch ibene^ it Axed, on which, hf menan 
of die plane mirror e, a fiinbeamean be rendiljlhiowa. The light is refracted 
taf the lene lo a point, and then diverging, it tBomw^i on a sheet of white 
paper placed aft the bottom of the \y^x; by means of a door shown at w in 

the section, the bf)ttoni becomes easily visible, 
witiiout admiuing ariy quantity of extraneoas light. 

634. Jf any sniall opaqne bodies, ae hain, pliia» 
&e.» be held in the beam of diverging sUf 
their dndowt will be thrown on the bottom of 
the hOBI, tarronnded \yy colored fringes. If h be 
a section of a pin th»is exposed, the fring<^ are 
seen surroiiiulinp; its sliaJow, as though diey were 
produced by colored ray s ] assing by itit margin, not 
in fltiaighft lines, bvt in hypeitoUe carves, ee shown 
by ittieioepiiag them at dilleicnt distaneee hf a 
piece of card: when their decrease in extent will 
be found to be much more gradual than if the light 
pap^efl by h in right lines. Bes^ide? these external 
ffinge-^, tliere are internal ones witliin the shadow, 
*' * which, li die botly be narrow, as a pin, becomes com* 

pleielf filled with diem. These eohin am,«e l4N<d 
Brongham* has long ago shown, in harmonk prcyportiOQ* like those of the 
solar spectrum (606). The tints of the colored fringes, leckoning fiom the 
shadow, succeed each other in the following manner : 
1st fringe — violet, indigo, blue, green, yellow, red. 
2d fringe—blue, yellow, red. 
3d fringe — pale blue, pale yellow, red. 

If homogtutim light (605) be employed the ftinges will be of the same 
color as this light, and their intervals will appear black. The frhiges are 
broadest in red, narrowest in violet, and of intermediate breadth in the other 

colors of the speetriim. 

035. These phenomena admit of rendy explanation on the theory of inter- 
ference (630), for the diverging light which passes by one side of the pin 
(634), meeting wiUi that passing on the opposite side, coincide, and peodp c e 
a line of white light, which ought to oeoopjr the rniddle of the shadow. 
Whilst those lays whifllt dillbr in their paths, as those prodnoed by undutal* 
tioriH, which pass obliquely past the pin into its shadow meeting with tho?e 
which pass more direotlj on the opposite side, being of course unequal in 




• Fha.taMaelk>ns, 179$, 
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t"heir paths, encoantor under flifferent phases (534), and interfere (630), 
either checking the undulation entirely, and prrxlucing: darkness, as when lio- 
xnogeneous li^ht is used, or go pariiaiiy checkujg it m to allow such a number 
of moTomeots to be executed in a givaa time as ihaU be fuffieient to piodiioe 
WL ooloved fringe. 

636« In shadows of this kind, Ibimed by narrow bodies, the middle is el* 

"ways OCCupi'v! hy a luminorH Vme, ns though the liyht had passed directly 
through the centre ol ttie diii'racling body. This very curious fact is best ob- 
served by holding a small disc of metal on a slip of glass, in the diverging 
light (633) ; the rays passing by its circumference are inflected, and meet, 
after tiayemng eqiml patb^i in Bamllex phases in the centie of the shadow, 
producing a brilUant spot of li^U Theshadow t}}us precisely resembles that 
of a circular disc perforated in the centre. This beautiful experiment is best 
performed by means of a drop of thick black ink, or a mixture of lamp-black 
and sixe, t- I un a [ikite of p;lass, SO as to form a circular spot about the 
tenth of an inch in diameter, i ox this modificatioii of the original experiment 
of Fiesnel, we aie indebted to Professor PowelL 

C37. If a dise» perforated with a veiy small bole in the centre, be held in 
the beam of diyerging hght (630), the converse of the last experiment will be 
observed; for those undulation? which pass directly through the aperture, in* 
tcrfere with those passing more obliquely, and produce a dark spot on that 
part of the shadow corresponding to the hole in the disc Thus, wo find light 
virtually changed to darkness, and darkness to light, by the ditcord or eoncordf 
of the Inminous waves. 

638. If two knife edges be held very near each other in the beam of light 
(633). beautifully colored fringes will be observed to border their shadow, 
and a dark line will, if they be sufficiently near, be seen to occupy the middle 
of the space, at which tliey are really separate. Tins rr sult of iutninous mter- 
fereiice may be readily shown by hxiui; a slip of tin-foil on a plate of glass, 
and dividing it longitudinally; and very sUghly sepamte tbo divided portioos 
at one end« so that they may Ibrm a veiy acute angle with eaefa other, as at 
ABcn. Hold this in the diverging light of the appamtus before 
(633), about six inches from the bottom, so 
that it may form a well<defined shadow. Fig, 307, 
The centre of the shadow, corresponcimg to 
the slit in the tin-foil, will be marked by an 
ofafloure liae»aad the shadow from this line 
will be coveied with a beautifnl set of 
fringes diverging from each other as they 
approach the apex of the acute angle f, 
formed by the coil, l>ounded on each side 
hy hyperbolic curves, with their convex 
surfaces towards each other, as if diverging 
Ifom Tertioes situated at at. So that the 
widest parts of the curved fringes corre- 
spond to the apex of the anj^le formed by the slips of tin-foil. In the figure, 
roe represent the projection of ihe sl)t m the foil on tlie paper on which the 
shadow falls. This eipenmeiii is an easy, although rough mode of repealiug 
IScwton s observations with tlie kniie-blades.* 

639. The axptamation of the cause of eolocs by dilfiaction (633) is finely 
Uliistrated by placing a eaid on one side, and on a plane above or below the 
body ■ (633), so aa to intercept some of the incident or ditfracte<l light; the 
fiioflsc ma disappew, beoeiise one set of the unduiatioos producing ^inter* 

* Optics. lib. iiL pars. i.> obs. 16^ 
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ferenoe have been cut off. If a transparent body be substituted for the carr?. 
the fringes undergo a reinarkml)!*^ rliange, from the retardaiwn of those uoiiu- 
lations which are propagated through the transparent screen. 

d40. 'The beautiful plmiMeii* of diffiMStkm nmf mmif obaarrad bf 
viewing^ in a darloened room, thnMigb a piece of the finest oopper wito gaaat^ 
a aeriea of objects, fixed in a iaife soraea ofUaok pasteboard, so placed as to 
prevent any light reaching the eye, except such as passes thfOOC^ the o bj ect 
The ibUowing give partkiuiarly iaterestiog results. 



Fig. 309. 



Fi-. 310. 





A. Fix six sewing needles over a hole nut in a piece of blackened wood, 
taking care their rnutuni distance corres|KHids to the thickness of a needle. 
Ou viewing this object at a proper distance through the gauze, each needle 
will appear transparent, the centre of each being oocupied bjra lineof reddiA 

light. 

B. Examine in a similar manner a piece of tin-foil, in whic^ a fine slit, 

aV)Ut one twentieth of an inch wide, has been carefully cut. The slit will 
seem widened from light entering the shadow, its centre being occupied by 
two vertical lines of bluish-black, wiiiist a series of colored bands will exteuii 
to a distaooe of half an iadi on each side of the slit 

Fig. 311. Fig. 312. 



C Blake a line of small holes in a piece of tin-foil by means of a fins 
needle. Each hole will appear bordered with a reddish margin, whilst a 
series of spectral colored openings will appear in the foil for half an ineh oi 
each side of tlie real aperture. 

D. Perforate a pic^cf nf tin-foil into a very fine needle, as «bown in ths 
figure. Kach opening w hen examined r\s alx)ve, present nine ccAuiaI 
squares like a window, and tiie spectra will be so numerouts that the foil wiil 
appear full of boles, admitting light of dilTerent colon. 

641. The brilliant tints of soap^xibbles, and thin plates of dSSerenl tnos* 
parent bodies, afford other examples of interference of light; for the midali^ 
tions reflected from their first surfaces interfere with those reflected from the 
second (567): and upon the amount of retardation thus experienced 1)/ the 
luminous waves, the varieties of colors observed in these thin pintes depend. 
The colors of soap-bubbles are best seen by boiling a small quauiity of soap 
with distilled water in a bottle, and corking it whilst boiling hot The wKois 
being secured from air, is allowed to oool, and on adroitif shaking the bonis, 
a large bubble, presenting the colored bands with great beauty, maj be readily 
formed ; tliis bubble is permanent for seveial hours, and affiwis evaiy fiusiiqf 
for examining its tints. 
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K£wton's couplshentart rings. 



Sll 



was* Jiiio couHBVi loin pnm ui nir nmj do oupbii su uy prcoi'iiiy » convex 
lens on a plate ofslssBiBnd holding it in the light, to that rays reflected Jroiii 

it will pn«?5 to the eyp. At thp point of apparent contnct with the lens and 
glass, a biack spot will, under these circumstances, 1x3 visible; this is sur- 
rounded by a great number of rings of different colors, each ssenes of tints 
consisting of fewer cotors as they recede from tite centre. On holding the 
gluses between the eye and the light, a set of tings wUI be obaerved, di&r* 
log in color hem thoee keen bgr tefiection^ andf-eoinp/emm/iiry (614) to them, 
each ring possessing that color, which by mixing with the tint of the corre* 
sponding reflected rin<?, would prwU»ce white li^?ht. The following are the 
colors of the ruigs, observed by rellection and transmission, commencing from 
the centre or point of apparent contact, as given by Sir Isaac Newton.* The 
ennred iSne, ca, represents the section of one>half the convex lens, and the 
•tmigfht one es ifast cxf half the plane glass agunst whkh it ts |aessed« 



643. The Ibllowing aie the thicknesseSi exptessed in millionth parts of 
inches, of plates of aki water, and glass, requiied to piodiioe the diffiBieut 
ootoied rings: 



ZV amwttf s rf iKwgs, BttfittUd Bm^ 

C 



White - - Black, 

Yellowish Red \Blue, 

Blaok - . \White, 

"Violet - . \ Yellow, 

Blue - . \Red, . 

White • . \Violet, 

Yellow - iBIne, 

Red - - \ Green, 

Violet - . \ Yellow, 

Blue - - 'Red, 

Green - . - i Purple, 

Tellow - - iBlue, 

Bed - - IGreen, 




Yellow, 



Greenish Blue - IRed , 

Red - - IGreen, 

Bluish Green - IRed, 
Red . • • \Gieeiiiah Blue, 



Red. 



B A 



* Optics. Lib. iL, pars* % 
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Series or or- 

dW9 0f 00- 

lorf. 


Cokn seen by Beflectioai. 


Thickness of Plates 
producing tbeai. J 




Air. 


Water. 


Glass. 


Fint , . ^ 


Black 

T3i _ ,,1,; cV* • 

DlaCKlSll . . • • • 

White (like polished alver ' . 

Orange-red (dried or&nge-peel) 
^Bed (geraDiom sangwuiieiUD) • • 


0.5U 

1- 00 

2- 00 
2-40 
5*25 

7- 11 

8- 00 

9- 00 


0-38 

0- 75 

1- 00 
1-80 
3*88 

5- 3 
6 00 

6- 75 


0- 33 
0.66 

1- 30 
1*55 
3-40 
460 
5-17 
5-80 


Second . •( 


' Violet (vapor oi icxiine) . 

Green (that of the m) • 

Lemon-yellow . . ~ . , 

Orange (freith rind of oranges) 


ii-i7 
12*83 

14- 00 

15- 12 

16 29 

17 22 
18-33 
ly 07 


8-38 
968 
10*50 

11- 33 

12- 20 
1300 

13- 75 

1 Ami K 

14 70 


7-20 
8*18 

900 

9-70 
10 40 
11-11 
11-84 

1 timtlC. 

Irf'OO 


Third , . ^ 


'Pnrpto (flower of liaz) , 

» . M 


2100 
22*10 
33-40 
25*20 
27*14 
2900 
3SI*00 


16-75 

16- 57 

17- 55 

18- 90 

20- 33 

21- 76 
S4*00 


13- 05 

14- 25 

15- 10 

16- 25 

17- 50 
18*70 
30*66 


1 

Fourth. . 


Emerfild-^een * • • • 
Yello\vi:>h-^reen .... 


34-00 
33*29 
36-00 
40-33 


25- 50 

26- 50 

27- 00 
30-25 


22-00 

22- bO 

23- 22 
26-00 


FlAh . . 1 




46*00 


84-10 
39*38 


39-66 
34*00 


Sixth . . 


» /I ^ •111 

Greenish blue , . , • > • 
Pale loae-red • • . • 


58-75 
6&-00 


4 4-00 
4Ji-75 


38-00 
4200 


Seventh • | 


' Greenidi-bliie 

1 Pale reddish-white . 


71-00 
77*00 


53*35 
57*57 


-80 
4966 



By aid of this table, the thickness of tliin films of air, water or glass» may 

be readily determined by observing the colors they reflect. The comparative 
tl)ickness of plates of two substances, reflecting the same ooior|8re in the 
inverse ratio of their indices of refraction (579). 

These rings may be exhibited by merely placing two plates of wimiow- 
glaasi about torn inches square, together, and pressing them in the centre by 
means of a pointed piece of metal. The different colored ring?, somewhat 
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nwvooi's raw. : $it 

the pressure is applied. ^ 

644. When these rin^s are observed by homogeneous light (679), they 
present the same hue as that of tlie light itself; alternating with dark and 
almost Doa-iuminmiA rings, and appear to possess the greatest brt a kh in red, 
and the leut in violet light. Thaie rings appear to be larger, in proportion 
as we look at itmn in a moie abliqm dieeotioa; tins Is hem seen examine 
ins thm lings piodnoed, when a glass prism is pressed on tha snrftee of a 

fJonvex lens. 

The colored rings thus exhibited by thin plates, are produced hy the inter- 
ference of the light reflected by the first surface with that retiected from tlie 
aseond (567); for n^en either of these reflected rays intercepted, the colors 
eolkalj vaiUsli. 

IMS, Tha rings seen ttanstiiissicn» at» -prodnoed by those nndalatSons 

which are not reflected, and are consequently propagated tfu0i:^h die thich** 
ness of both g!a««e«. Those Inminons rays, which, when combined with the 
reflected rays, produced while light, being propagated through the gl888| pro- 
duce the trausiuitted or complementary (538) rings. 

Fkom Nawloii*t.1^ (648)« we sea that ttir, aft or bstow a thickness of 
iMdf a ttiittoath of an llxdh and wattor and glass at a tbioknsss of about one* 
Uiird of a millionth of an inoh, oSase to lefleot light» aad appear, conse- 
quently, black. Films and fibre? of quartz, so minute as not to be capable of 
propagating luminous undulations, beeu met witk and describad 1^ Sis 
David Brewster. 

646. It is by ho means neceraaiy that very thin plates should be used to 
exhibit ootorsi Ibr plates of anf thioknoss, so arranged as to eaase the inter- 
ftrenee of luminous nndnlattons^ will pvoduoe the same eflect This may be 
shown by fixing two slips of phite glass, about OlO inch distant from each 
other, by means of two pieces of wax, and then by pressing one end of each 
plate together, they may be so ilxed as to describe a very acute angle with 
each othex. On looking at a candle, through that part of the plates nearest 
aaeh oidier, nnmeiODs lefleoted images of it will become visible; the first of 
tiiem appears crossed by a sorioe of beaiMilhl bands or fringes. Theie in- 
Oiease in breadth by dimitiishing the inclination of the plates; they are pro* 
duced by the interfereixse of the waves of li^^t lefleoted Aom both sur&ces 
of each glass plate. 

647. The colored rings, observed by regarding the sun, or <^€r Inminous 
body, through a piece of glass, covered with minute particles, as of dust, ly- 
eopo<knBa,life,of of water,bybreaihingopit|amaMowing ^ 

of luminous undulations infleoled lotind particles (634). A rimilar ax* 
planation will apply to the colors seen, by scattering fine powders or dust on, 
or before a mirror exposed to the ?o!ar rays. The beautiful tints presented 
by mother.of pearl, or other natural or artificial substances, whose surfaces are 
marked by minute stri», are all exphcable on the hypothesis of interference; 
aU teft it leqiiisite to prodfwe Iheee oolombelag, timt tfw depieete diaU 
sn^ a depdi aa tooanse an altemtion in the path of rays iaeideaftnpoD Aam, 
equal to a iir^elion of the length of an undulatioii fS54). 

648. Among the nnttiral phenomena which serve to illnstmte the laws and 
principles laid down in this and the preceding clmptcrs, tiie well-known rain- 
bow and less frequent rnirage especially deserve attention. The former con- 
sists of a colored arch, apparently suspended in the sky, and opposite to the 
sun, and is iMiall^ ooroposed of two bows, tarased primaiy and seoondaiy; 
and oometimee even of other supplemeateiy aiehes. The lAinbow is nerer 
seen nnless a shower of rain is falling, or the spray of water, as from n cnta- 
laet, rising betw^.the spectatof and that portion of the sky opposite to tho 
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«f tliMe bowti lac VB be two &mtm of water, 

BS solar rays incident upon each of them, 
th€»e which enter near their centre will be 
refracted to a ibcus, as in a sphere of glass 
(501). Bat tee wUoh eotet near their 
sppeir pwc Miflbf leflneliony ^hnpnif whitdi' 
the light beoooMt letolved into waves of diA 
ferent lengths, as in prisinattc refraction (605), 
and colors are consequently produced ; the 
violet ray being most, and the red least re- 
fracted, the other raya being arrai^ed between 
tbam in the neuil nMUMr. Aedneetiteo^ 
ed rays are inddent at the beek of iho diop, 
within the Umiting angle (580), they nnder* 
go total reflection and emerge at the lower parts, as e in the drop e, and pre- 
sent to the eye of the spectator a bow of the prismatic colors, bounded above 
by Uie red, and below by the violet rays. 

When the aolar laja enler the drape of lahi flom hekmv aaat they ato 
laftaalBd lotfia haekof the diomaad mklergotheaame leeohition into ooi e ie d 
nqni theaaaare refleoied to the top, and thenoelothelkoiitof thediop, whem 
they emerge, presenting to the spectator the appearance of a second bow, 
exterior to the first, and with its tints much fainter and reversed, in conse- 
quence of the rays having suiiered two reliections in ea, whilst in us they 
underwent but one. 




CHAPTER jonr. 

MftAMiaia UOBT. I 

Ordinary and ixtraordinarff rayt of douUe refraction^ 650. Princgml teetiom of 
€rfilaii^«6L Dmtbk nfimtim pawir of wm k m hadm^ 6». PmUmt mmd 

mtgatvMj rml and renUtant axa of doubk rtfraetiony 653. Xut ef jMssfiue and 

negative rrystah, 654. Huygenian lavo of rapidity of the ttoo ray«, 655. In* 
tensity of refractive power in different parts of crystals, 050. Crystals untk ttoo 
axes, 657. Adion of crystals on colored light, 658. Doubly refractive pouter ac- 
quirtd by ehatun of strudtare^ 660. Polarized light, 6G1. Planeg of polari' 
mHomt 663. Dmrm modm of polarizing light, 663— 6y refraOim tkmigk 
Medamd tpar^ 6{L— JVIdbTs primn, 665—-^ absorption^ 666— 6y reifkeUm^ 
66ft. General properties of potarixed light, 670. Polarization by refrmeUm 
through glass-plates, 675. Peu^ial polarization, 676. Ratio bettveen polarizn^ 
angles and refractive index, 678. Polarization by internal refraction, 680. 
Polarization of homogeneous light^ 681. Polarization by a bundle of tram* 
panidpklm,i%1k Mmkti itfhr in e n i ua daylight, 688. 

640. So fkr at we have yet examined the properties of light, we hnvo 
learnt that when a ray is incident upon the surface of any refracting subetanoa 
in a perpendicular direction, it undergoes no change in its course; but when 
incident obliquely, it becomes refracted according to a law already detailed 
(670). We have now to notioe some very remarkable properties of a dasa 
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of mfiwMifig mmdim, osptlile of fUvMing an inetdant beun into two portkmi 

difierlng from each other in their physical properties. 

f^>f>0. Let ADCDFOTT be a rhomboid of Iceland spar (eatfaonate of lima)) and 

a ray of liorht st be incident upon one of its surfaoe*, 

in a perpendicular direction ; instead of passing through 

without refraction as it would ihruugh glass, it wdi be 

divided into two rays, one to being in the diieetion of 

the original ray, st, and ooaaeqiiently unrefraetad, and 

another, tb, which is bent or refracted. The fofmer is 

called the ordinary^ nnd the latter the extraordinary ray. 

If ilic ray st, instead of being incident in a direction 

perpendicular to one of the faces, were oblique, it would 

on entering the crystal, he refracted into two rays, one 

of them the oidinaiy my, obeying the geneial law of 

refraction (579), and the other, the extraordinary ray, 

follow irjg: a different law, becoming refracted from an 

iinaLMiiary lire connecting two opposite obtuse angles aw. 

651. The double refraction of the incident ray may be ren lily observed by 

▼iewing Uirough a rhomb of Iceland spar a card piecced wiih u small circular 
hole: on looking thraogh the tbiokneas of the cryital at the card, two holes 
will be visible, from the light entering the apertore in the card dividing into 
two rays whilst traversing the rhomb, before it reaches the eye. On turning 
the crystal round, whilst the objt^et remains fixed, one of the spots of light 
Will appear to revolve round the Other. Xheiixed spot corresponding to the 
path of the ordinary ray. 

A rhomb of Iceland spar, placed upon any object, as a line drawn on paper, 
will oaaae it to appear double, in consegnenoe of this property of double le* 
fraction. 

If the rhomb be gently turned ronnd whilst on the line, one of the two 
Unes at first visible will gradually disappear, and when the line on tlie paper 
lies in the same vertical plane as the imaginary one connects the obtuse angle 
of the crystal, they will merge into each other and appear single. No double 
nfiaotion oooorring along this line or in any direction parallel to it 

In the rhomb of spar, the plane, aim, passing through the crystal, and 
dividing it into two triangnlar prisms, is termed the priie^ meUpm <i the 
rlK)mb. 

652. The property of resolving undulations propagated throuf^li them into 
two series diUenng in velocity, and consequently producing double refraction, 
is not oonftned to the varieties of carbonate of lime, but belongs in general to 
ell crystals whose primitive Ibrm is neither a enbe nor an octahmlfon. A 
vast number of crystals, as well as uncrysttotiaed diaphanous substances, if not 
aheady po<»8essing the doubly refracting structure, will assume it by exposnre 
to heat, cold, compression, induration, and various other onuses aliecting their 
molecular arrangement (659). Some substances, as the lourmalme, are capa- 
ble of double refracting light, when very thin, and act in tlie ordinary manner 
upon inddent rays, when they are thMc< 

653. In all doubly refractfaig bodies, there are one or mole 
directions, along which objects, when viewed through them, 
appeinr single (651); these are termed the HneSy or axes of 
double refrarfion. In the case ot Iceland spar, there is but a 
smgle axis of double refraction, in the direction of a line con- 
necting its two obtuse trihedral angles, as shown by ab in 
the maignial figure. The axis of doable refVaction is not a 
fixed line, but merely indicates the direction of a plane, in 

'which double refraction is absent; for if a rhomb of Iceland 
Spar be split into any muuber of smaller ones, each will 
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pOMiw iti mm nTif rf Ttf — ^ In il»axial ciygtali, the ttte cot t c t ponJt 

to the geometrical aziir or a tine KKmnd which the constituent nioleeales 

are symmetrically arranjted. It occasionally happens that no double refrac- 
tion exists in the axis of a crystal, in consequence of the presence of two 
doubly rciractive forces neutraimag each other, as in micaj this la theu termed 
the rauUiHg oxit, m eoBMMlwtia«tioii torn ml of 4cMb weOmtHim* 
The courae of tlio tttnoniiiMiiilr (650) nfiaoled lay w oenttiBft iir etA 
ovystal, with regai4 to Iho aiis of doable refracdon, boiiig reiiacted either to- 
wards it in /N)<i/tve crystals, in quartz, nr from it, in negatwf crystal?, as in 
Iceland spar. Those crystals in which this ray is bent towards the axis, are 
said to have a positive, and when bent from it, a ne^^tive^ axis oi double z»> 
fraction. 

654. CiyvlBb widi obo axis of dahUe reteotioo (653% eoffMi|ioiiaii|g -tnlk 

the geometric azSt of the crystal, include, acootdiBg to Sir David Brewiter,all 

those bodies which srystalize in rhomboids, regular hexaec^ml prisms, J 
octa^Jron?, or right prisms with sqtmre bases. The IbUowing are sotne of the 
crystals possessing a single axis oi doidsle reiraction : ' 



A. PesmrB Azn. 

Dioptase, 

Quartz. 

Zircon. 

Titaoite. 

Apophyllittt. 

Ice. 

Potai^s sulpbate of ixon» 
Boracite. 



B. If lOATITS Axil. 

Iceland spar. 
Tourinaline. 
Sapphire, 
Emendd. 

Ferroojmiude of potetMnm (aoM 

specimens). 
Ammoniaco-phosphate of laagnflaia* 
Mica (some specimens), 
Cyanuret of mercury. 



655. We have seen (651) that when a rhomb of ealcaieom wpu it plaaed 

upon a line drawn on paper, the greatest aeparatioa of tfie two iay% mad 

consequently of the images, occTirs, when the line is parallel to the jrreat 
diagonal of the crystal; and, on turning the latter round, the images gradually 
approach, and ultimately merge into each other when tlie line on the paper 
is parallel to the shortest diagonal. This arises in consequence of the extra- 
oidinaiy and ordinary rays being dieii ptaeed in Ae puindpal aeelioB (651) of 
the eiystat With regard to the comparative rapidiqr oT piopagatioa of tha 
two sets of undulations into which light incident on a doubly refracting crystal 
is resolved, Huygens has demonstrated that the difference between the squares 
of the rapidity is equal to unity divided by the square of the sine of augio 
fuiiiicd. by tixe xuy wiiii the axis. In calcareous spar the ordinary ray thereibte 
.movei with a greater Telociiy than the eaunordinarjr one^ 

656. If lUMxial doubly reTracsiiig dystals (654) be supposed to be shaped 
into spheres, of which the line connecting the poles correspoodato the axis of 
double rerraction in the original crystal, in positive refracting crystals as quartz^ 
the index of extraordinary refraction wili be tound to increase from the polo 
to the equator of the sphere; whilst in negative refractnig crystals, as calca« 
reous spar, the index decreases from the poles or termination of the axis, to 
the equator at right aagles to them. 

In a sphere of calcareous spar the index of refraction of both rays wiU be 
the same, or. 1 054, if light be transmitted along the axis; at 45^ from the 
latter, the index for the extraordinary ray will be 1*5821, and at 90®, viz. at 
the equator, the index decreases to 1-4 8'2, from which point it increases to the 
opposite pole. In a sphere oi i^uacu, the uuiex of leirauuuu iur bulk rays 
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Will at dMb axis lie 1*5484^ and st Ae eqwtor index of the etdimny ray 

raiMiraliig the eeme, tint of the extraordiiHirf ene ineieeaee to 1*5582. 

. 057. A large number of cnystals, including tboie whoae |wimitiTe forms 

are right, or oblique prism? with rectangular, rhombic, or oMique qundmn^nilar 
bases, as well as octaedrons with rectangular or rhombic bnsc?, j)o?sess two 
axfis of double refraction. These are to be regarded rather as resultant (1)53) 
tea aotnal exes, as tfaef merely point out the direction in which two doubly 
veAvotiiig ibices present in the ciystel nentmlise eeeh other. These exes do 
toot correspond to any prominent Hnee in te erystal, and form various angles 
with each other: from the most acute, to one of 8030, as in carbonate of 
potas55, and to a right angle, as in siilphntc of iron. The following list contains 
t}je names of some of the most important double-refracting crystals, wit!) tho 
measures (brmed by the inclination at their axis on each otlier, taken irom a 
Inrgo table hf Sir David Biewiter: 



A. Principal Axis of double Kei'rac- 
tion. Positive. 


B. Prinelpel Axis. Negative. 


'Names. 


Angles 

formed by 
Resultant 
Axes. 


Names, 


Angles 
formed by 
Resultant 
Axes. 


Snlphele of nickel . 
Bilx>rale of soda • • 
' Sttipbate of batia > « 
%>ermaceti . • • • 

' Heiilamlite .... 
Soda suiphate of juagn. 

. BittdliBa topaa « • 
-Sulpbaie ofstiooiia « 

Sulphate of lime • • 
Nitrate of silver • • 
Scottish topaz . . . 
Sulphate of iK>ta8t) 
Potass tartrate of soda 


3« to 42«.l' 

28 42f 
37 42 
37 40 
41 40 
46 49 
40 to 50 
50 
60 

62 16 
65 0 
67 0 
80 0 


Nitrate of poiassa . 
Carb. stiODtia • • • 

Tale 

Qtrb. lead .... 
Mica, certain specimens 
Sulph. magnesia • • 
Catb. amnumia • • 
Snlphats of sine • * 

Phosphate . . . • 
Tartrate potass . . 
Tactanu acid . . • 


6<» 20' 

6 56 

7 24 
10 35 
14 0 
37 24 

43 24 

44 28 
50 

55 20 
71 20 
79 



658. In crystals with two axes of dooUe refhmtion, the ray, equivalent 10 
the otdinary nqr f 650), differs ftoro that properly so called, as it does not obey 
the law of sines (579) ; so that the two sets of undulations, into which common 
light is resolved by a biaxial crysml, are both to be considerod as producing 
extraordinary rays. This observaiion we owe to M. Fresnel. Crystals are 
occasionally met with possessing two axes of double refraction, for light of one 
color, and but one axis for light of another tint; thus Sir David Brewster (bund 
that glauberite possessed two axes tntttnairy inclined at an angle of 5^ ibi ted 
tight, and hot one axis for violet light. Sir John Herschel found that the axes 
occasionally vary in inclination, according to the kind of light; thus, in the 
pnra'^sio-tiirtrate of smla, the inclination of tlie axi-? for violet light is 56°, and 
lor red li-^ht 10^. In nitrate of potass, the incliuaiion of the axes for violet 
liglit is greater than for red. 

659. When glass is unequally heated, or suddenly cooled, it assumes a 
doubly redacting structure, the axes being variously situated, according to the 
shape of the substance (703). A solid cylinder of glass, hcnted by being 
plunged inio hot oil, aoqtiiies a doubly refiadive power^ having one posiUve 
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in fKMiiimof ilB geom«lri»«i^f ani if previoaiiy ht MtA fluid plnn^ 
into cold oil, it aoquires a similar property, but its axis becomes nr^ti ve (6 u3) . 

In both the?** cases the refmftins: power is transient, and vanishes soon 
as all the parts of the cylinder have anqnired the same temperature. Asphofe 
of glassi simiiaciy treated, beourues doubly refractive, but with ixmumembUl 

aitet. The ttfrn H no kom of ailiaimato p o w w ona or twro m«g> cf do«M» 

refractioa. 

660. In theprecedincf chnpt<?r'», we have resTirded colorlp'ss li^htas the same 
after, as before, refraction or relJti tion ; and the only mod ill cat ions of it which 
we have examined, are its resolution into several series oi undulatioas varying; 
in length and velocity, as in pramaiis leftetisii ftwl diffiaotion or iaflwiino 
(635) ; aad iH lanlaliaa laito two aote ODly, pioAic i Bg odoiad nQra conpto^ 
mentary to each other (614), as whaa^whita l^gbt it tesolved SnlO nia a a and 
red, or yellow and violet. We have now to examine the changes undergone 
by a ray of h'ght nftt^r u liaj? hncn resolved into two series of colorless bcanig> 
as aiker reiractioa through a rhooab of Iceland spar (650). 

66L To understand Uiese new properties of Hght, we may conceive every 

beam to be hypotUeticaiiy pruducad by two seis 
of undalaiioiu, moving in a dicaotion at u^m 
aaglei to eaeh oifaar.^ Lei fig> 1 la pm a n t a 
aastioa of a beam of oommon light, oonsistiqg 
of two rays cu, ws, at right angles to eadi other: 
Light thus constituted possesses all the proper- 
ties <)atailed in the preceding chapters; and 
wkon allowed to be lefiaoted throu^ a rhomb 
of Iceland soaf • its raw Iwwftiiwt Moaiatad : one 
of them, as flg. 3, constitatini &e ordinarily* 
and the other, cd, fig. 2, the extraordinarily re- 
fracted ray (619). Thus, by refraction through 
the ery.stal, the luminous undulations bocornfi 
resolved into two colorless iicrics at rigklangies 
to caoli other; when owafained, aa in fig. 1, they oonstitiite oommoo U|^: attd 
when tepaiated, ae in flge. 3 and 3» they oonicitata polarized Uglilr oo oalled 
because they assume new and peculiar piopertiet with le^ud to eaeh othcf^ 
end difiiere!it refracting or reflecting media. 

662. The ray us differs from cu only in position; for by causing dicin to 
coincide, as by moving cd (fig. 1), until it coincides witli ms, we ubuun a ray 
possessing the laine properties, but twice as intense as each separately. Planes 
pasriog throu^ en, vt, are termed pkmei of polcarizatvm ^ and the rays co, at 
(figs. 2 and 3), a^ mid to be polarized in different planes. 

If the two separated rays ss, cn (figs. 2 and 3), be reunited, as in fig. 1, 
they will reproduce ^iftaoi^ €0811110% Of «f^|w4uisfd%A^; allthese terme beinf 
syiu)nyinous. 

663. from a bare inspection of the above figures (661), we see that polar- 
iaed light may be obtained from, oommon lii^t in di&rent ways; 1, by 
turning round one of the mye until it coinoides with the other ; 2, by PUBii^ 
the Hght through some substance capable of absorbing or checking one taf 
and t ranim i tring th eothe r ^ and 2^ by aUowiog light to be incident on a medium 




• This very conireni«nl mode of illustraimg the pheiioiaena of polarization is a dinrcl 
expression of the j iif-nomena of the reflection or refraction of polarized Ji^ht, aceerdinC 
to th« direotioa of tbe planes, and was Am applied by Sir Savid Arewster. 
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mpMU of wlhieting oa»mjmaAnllae^ng the other. -B^aajrof these tnodei^ 

light polarized in a rectiiinear diieotioa and in one plane may be obHined. 

664. Polarized light is very conveniently obtained hy allowing common 
light to be incident on a dovi1)I\r reflecting crystal, as calcareous spar, and al- 
lowing it to become divided into two beams polarized at right angles (663) 
to emah other; we can, by eticidng a wafer or a piece of black paper over 
tlie point of emergence of one bMun, obipdn a my of light polarised in a d> 
veetion perpendioalar to that which is checked or absorbed by the wafer. A 
more convenient mode of procuring a beam of polarized light from this crys- 
tal, is to divide a rhomb of calc-spar into two wedge-shaped portions, and then 
to cement them together with Cnnada balsam. The layer of balsam thus 
iiiciuded allows one of the doubly reiracted rays to be r^dily transmitted, 
wfaHetit eanees the other to be so fiirbent oat of the eoane of the Ibnoer as 
to be altogether out of the field of vision. This anangaaiMit is known hgr 
1h& name of Nichors prism. 

665. When light suffer?* double refrartion tlirouwh a crystal with a positive 
axi?5i (653), as quartz, the plane of polarizaiiou of the ordinary ray (650) is 
horizontal, and that of tlie extraordinary ray vertical. In negative crystals, 
as Iceland spar, the direetion of ihesoiraya Is rerersed. When the plane of 
XK>lari8ation of a potauriiBed beam of light is incident in a direction pamllel to 
tbe prinoipal section (651) of the dimbfy lefiaoting crystal, it is refracted in 
the ordinary mnnncr ; obeyin;^ the extraordittBiy law when it is incident at 
xi^t angles to the principal section. 

666. When a ray of common light (661) is incident on a thin and traua- 
parent plate of agate, cut in a direction perpendicular to its siliceous layers, 
one of its oonstHoent mys, as en, (fig. 1, 661), becomes dispersed Sn a nefaii> 
tons manner, whilst th^ odier «• is transmitted ; the transmitted ray of light 
being always polarized ih a plane parallel to the direction of the siliceous 
layers of the mineral. A t>iin plate of agate will also transmit a ray polar- 
ized in a direction parallel to its l^^yers, and disperse one polarized in an op- 
posite direction. The direction of these layers may be readily made out 
even in thin sections of agate by die lines visible in their sabstanoe. A plate 
of agate may thus be employed to ihmish pOiarixed light; it does not, how- 
ever, completely separate a beam of light into two polarised rays, unless it be 
of sufficient thickness, and the inri Irnt lii,'ht not too intense. 

6r>7. The siliceous minerals called tourmalines, csprcjally those of ayello^^r 
or hair brown color, when cut into thin plates, separate incident light into the 
two rays polarized at right angles to each other; one of which is transmitted, 
md Hie imdnlations prodocing the other ate ohecked or absoifoed by the min- 
ml On fuming the plate of toumnaline romid throng the quarter of a eiiete^ 
It tra ns mi t s a^bnim polarized in an opposite plane to that of the one pre* 
viously transmitted, and absorbs that r??y which it transmitted when in its former 
position. This action of the tourmaline on light is exceedingly remarkable, 
for no stratified structure can be detected in these minerals, which, as in the 
case of agate, would even help to explain their powerfhl polarising influence. 

668. The actibn of a toarmaline^ or agate plate, on common light, may be 
ftmiliatif illustrated hf fbaag two slips of pasteboard in a direction at right 
angles to each other, as ws, cd, rcpresrntinp: respectively the two, hypotheti- 
cally constituent, beams of common light ; let TAKLbe a small frame of wood, 
liaving a number of wires fixed across it, as shown by the dark lines in the 
figure. Iict TA be supposed to represent a plate of tourmaline or agate, and 
the paper figure m>s a ny of li^t ; approaeh it to ta, in the position shown 
In Ihe figure, and attempt to ihroSI It between the transverse bars. The slip 
of paper vs will readily pass between the wires, but cd will be checked ; irs 
Will here r^HEOsemt a tsaasmitted raj of light polarised in a i^veo plans (063). 
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Now turn round ta, until the direction of the wicat becomes vertical instead 
of horiawnliU,tiwft try to path tke paper figure thfom^ k; liie venksal slip cji 
will Ibeo p«M thiongh, nd n wiU be slopped. 
By this little apparatnti the eodon of pobiuniig phttee of afMe.or other 

minerals, acting in the same manner, is readily impressed upon the memory. 
But it must not be forgotten that the comparison of a set of transverse bars to 
a tourmaline plate is strictly hypothetical, and although valuable as pointing 
out particularly the effects of a toumiaUoe or agate in diflarent positioos on a 
beam of tt^ yet imist not bo eoaeideied ae piaeentiiif a oonaot Tiaw of tlia 
teaJ maduM agendi of such polarizing plates on ccmimon light. 

669, The mode of obtaining polarizetl light by reflection, was first disco- 
vered in 18 lU, by the celebrated philosopher Malus, an otiicer in the French 
engineers. M. Malus, wlulst examining the light reflected from the windows 
of the Luxembourg, through a rhomb of calcareous spar, observed that light, 
when t afl ee>Ni flom tiM emftoeof glase at an angloof 66^>aoqnifed die rerf 
same properties ae one of the beams obtained by sabmitting light to double 
fraction in calcareous spar; having, in far^t, become polarized, with its plane 
of polarization parallel to the plane of reflection. This discovery was so 
quickly followed up by others, and so successfully studied by some of the most 

illustrious philosophers of the age, that it has led to the 
It^818b df Tstoproept of poms of the most beantiiil nd importam 
sedesoflhoti that have ever been diseoTerad. Thanost 
oonvenient mode of repeating the experimenti of Afalw, 
is by means of the apparatus figured in the margin. 

This consists of two uprights of wood, supporting a 
frame cd, oonstrucbetl like |i common looking-glass frame. 
A o&nailar |Mata of wood nelson tha piUara, and has 
a dronlar apertnie in tho middle abont thsea inshes in 
diameter; m linf of wood », movable round m eircular 
projection on ef, supports two pillars oh, between which 
rests, by means of screws, a frame kl, like cd, but some- 
what smaller. A circular slip of |)a(>cr graduated into 
9fiU^, is Qxed on that portk>n of mw which projects be- 
yond M V, a blaok line being marked on tha hMter, to serve 
as an index, and point to nem on tbogmduated paper, 
when the pillars ea are exactly over AB,and the frame 
KL placed BO as to regard cd. A plate of glass rests 
over liie aperture in the centre of kf, to serve as a stage 
on which objects to be submitted to the action of polar- 
iaed light are plaoed. 

A plate of thin window-glass, blackened at tha back with a miztmeof 
lamp-black and size, is fixed in the lower frame cd, and a similar one in Xft. 
The former is termed the reflecting^ and the latter the analyzing j^Iate. As, 
however, it is of importance to obtain as bright a beam of polarized light as 
posnUe, it is better to make the tower frame cd deeper, and to place in it a 
d^aen plates of vindpwgtass prsiied to|^tber bpr mem of ,» pieoe of wood 
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at ^ back. ThefaindnM ptateftioalt tabtadMiiedM tfieb^ ^jrifais 

cx»ntrivance a T6ry bright beam of refiaeied polarized light may be obtained. 

Tliis in?tniment, which was fir!?t suggested by M. Biot,* is the most conve- 
nient that can be used for experiments oa polarized light j it may be ocmve* 
niently termed a Polariscope. 

670. Place a lighted candle at a sUc^ distanoe from the reflecting plate p, 
and adinst the latter tb fbat the iif^t may ba ineideDt upon it at an angle of 
96^ 45'. Then by means of the side screws fix the upper or analyzing ^hue 
R., SO tlmt the ray reflected from p is incident upon that at the same angle of 
f>6° 45'. The sections of the platos showinnr their relative position are shown 
it! fi'^. 1. Li^ht, on being incident on p, in the direction at, is resolved into 
two portions,"!" one being polarized in a plane perpendicular to the plane of 
reflection, and mixed with much common Ught, passae through the glasa p, 



nnd 13 ahmrhfd, from the undulations being cliocked by the black paint with 
which its ba( k is covered. The oliier portion, polarized in an opposite plane^, 
i» refl«ected to h» and thenoe to the eye oC f^peelaior at a, who of coarse 
#eean>lmageof theeaodteinB. Then tam wnnd Ae plate a, still keeping 
it at the same angle, bf monriatf the collar mit on the wooden collar ef (669), 
moA when m is at right angles to p, as in fig. 2, the image of the candle will 
almost entirely vanish. This might be indeed anticipated, for the ray polar- 
ized by rellection from P, is reflected polarized in the plane of reflection ; and 
on placing a at right angles to p, the ray passes tiiruiigli the gluiis,and becomes 
absorbed by the Uaok palak at it» back. 8o tha^ on kwking at m in tlile poP 
aitioa,aeaioely aveiligaof 4igfat is to baaeesi aefleded from tt Onnnoving 
m MMiad for anrtlnfr aagle of 90^, as at fig. 3, the light and figure of the candle 
will reappear in n, as the planes of polarization (602) and reflection coincide, 
being both contained in a piano passing through apkb. At the intermc iiate 
Rrc<? of rotation, the light m R will decrease or increase in mtenaity, according 
as it approaches or recedes from the poiitioa shewn in figs. 1 and 3. Zn tfiese 
three figures, ijba ihewa the positim of the phimitf fnmUim jnhrtMilipfi, and 
hum the poHtioQ of those of reflection. 

671. Let a and p be fixed in the position shown in dp;. 1 (070), the index 
€11 MW wiM poial toaeio on the gradaaled oiicle (669); and oa watching the 

• Precis de Physique, torn. ii. p. 475, Paris, 1894. 

t It i8. perhaps, h irdis necessary lo romind the reader, thnt the angles at which light 
Sbonid be incident ou reflecting surfacen for complete polarization, are calculated from 
a line perpenAeiilar ie iIm wfleeliiif serAiee. On the continent, iifirht w usually directed 
to bo incident upon the reflector at an anffle calculated from its surface ; hence it will 
be a number complementary to the true polarizing angle. 'J'hus ihe angle at which lit^ht 
' Is polarized by reflection from class is 56o 45' measured from a line psfpendieDlar to ifs 
sorfiMDe^ aod Sio 66' measared nom the leflectiag sorfsce itseUL 
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intensity of the light reflected from «, at different anmuthi, the ibUowing 
cdeotft wiU be obeecved on turrnng b tlowJy round; 



Inclination of 
Planes of Reflec- 
tion, as shown by 
the gnuluatious on 


Tiaying hvigbtness of an image of endle 
lefleoted ikom the plate m. 


0O_9QO 

18«»— a70« 
370* 

370— 360^ 


Greatest intensity ff \\'j,\it. 

Light decreases unul it nearly vanishes. 

Gradually increases in intensity. 

Regains the intensity it poflseased at 0^, 

Same as 0^ to 90^. 

As at 90®, soaieely Tisihle. 

OcadttaUy ineieases, as lh»a 90^— 180^. 



Hie light reflected from w, (lecrea^es in the mtio of the squares of the 
eosines of the anples formed by tlie planes of polarization and reflection. 

672. The intensity of the {Kjlan^ied light reiiected in various positions of 
the upper mirror (669), oorresponding to the difierent angles formed by 

planes of refleeiioa and primitive poiariaaikia^ 
Itg. 330. may be illustrated by the followiBg figure. The 

lines in the inner circle point out the different 

^^^ll^^ ^^*\ positions of the plane of reflection ; and the two 
/ T ^ ^ curved figures as represent the amount of re» 

M ' r* i T flecteti light. 

Y VlX^y ThnsatOand IM^giealettaittoinitofUil* 
^V,_,J^:^*^C^_I^ it vefleded, as the Knee ea, Ad; ate loofMt 
* which ean be dnmn from the circumference of 

the inner circle to the limits of the curved fijjures. At 45°, the intensiqr o£ 
reflected light M'ill be less than at 0, as the ime er is shorter than fa, whilst 
at 90^ and 270^ it will attain a minimum, as the diameter connecting these 
numbers, if produced, will not be included in any portioa of ^ oonred 
igaiee. 

673. Thus we see that light refleelad flom glaai at 56^ 45^, consists almost 
entirely of light polarized in one plane, equal to about one-half of the whole 

of the incident light, and refuses to be reflc^cted from a second fjla??? plate 
when the plane of reflection is at right an^^les to the plane of |X)larization of 
the ray (662). Hence, as one {K>riion of the incident light only is reflected 
from one plate, and that beooming abaorbed when the aeoond plate is at li^ 
nagiei to the tet»it foltows that no light onght to be reflected fien diie plaiB, 
if ^ polariaatiDn of die light be complete. 

The effects thus observed of extinguish incr liiiht, by allerinir the position of 
the reflpctorf?, are analogous to those observed by crossing two tourmaline plates. 
If two similar platesof tliat mineral be placed together, so that light |x>iarized 
in one plane can be transmitted, objects may be distinctly seen through them i 
but on turning one at rii^t angles so the ottier« absolute darkness eosnss, ai 
each plale absorbs the light polarised in diffiMrent planee. This effect niaybs 
readily understood, by placing two gratings, ab, cd, opposite each other, so 
that the bars of one maybe vertical and those of the other horizontal, Hnd ntp 
tempting to thrust the paper flgure, ssco, through them (068)« Althoi^ 
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when the bars of the two gratings were 
in the same position, one or other of tlie 
paper slips ns, €d, paijses through, yet 
when crossed, they efiectually prevent 
the Inttoduetion of ather; Ibr ooe^ as cd, 
Although it majr pus the first gradng^ 10 
slopped by tlie seoond, wbilft the lajr X0 
is checked by the first- 

r>74. If one of the beams of polarized 
light obtained by double refraction (6(54) 

be used instead of the tight refleeied mm 9 (669), it will present the very 
«aie phenomena on tarning round the plate b, as the light polarized hf le- 
fleetion from r did: the ordinary ray having its plane of polarization vertical, 

and the extraordinary ray horirontal. If lij^lit is polarized by absorption of 
one of its component beams through tourmaline, or by its dispersion through 
agate (668), the same effects will be observed ; so that in whatever manner 
light is polarized, it possesses the same properties, providing only its planes 
of poiarixatioii (662) be In the same poritiott. Thus, plates of tourmaline or 
agate may be used fbt the purpose of analyzing polarized light, in place of the 
Rnnlyzing plate of the poiarigcop© (669). The mmSjtiB being perfivmed bf 

refraction instead of reflection. 

675. It has been already stated, that a portion of the li^ht refracted throiin;h 
glass, when incident at the polarizing angle, is partly polarized, and in a plane 
at ri^t angles to the fefleeted beam (670). This leftaoted light may be 6b* 
mined Teiy free from common light (661), by placing eight plates of fhia 
orovn-glass together, and ^xing them obliquely in a tube, so that they may 
be inclined at an angle of 79° to its long; axis. On allowing a beam of light 
to traverse this tube, it will emerge jKjlarized in a plane at right angles to that 
at which the reflected light is under similar circumstances polarized. A sys- 
teas of plaiae dine ananged in a tabe coosiitateB a very excellent mode of an- 
alyaifig light polarized by reflection, and developing the colors of doubly re- 
ftaoting crystals (685). Sir David Brewster hat lbund,diat by inwreasing the 
number of glass platef,the refracted Hglit becomes polarized at a much smaller 
angle of incidence; thus, light is completely polarized by refraction throup:li 
one plate of glass at an incidenceof tii^ dH^ j through two at 87® IC j through 
six at 81® 5<y ; through forty-one «t 45^ ; and through 8,640,000 plates at an 
aogle of incidence of only one seooadj|providing the lUsht be stiflknently intense 
ID penetrate such a mass of glass. Tne best glass for polarizing light by re* 
fraction is that which is used to cover microscopic objects with. It may 
be obtained of extrorno thinness, and is peculiarly valuable for this purpose. 

»i7G. If the reflectuig piate p (669) is placed at any other angle except that 
for complete polarization, a certain portion only of reflected light will be po« 
loriaed. Very difletent opioiona have been baarded on tfaenatnre of this imr» 
tially polarised light; it has been, by several very iUkutrious phikMopherSyOOB* 
sidered as made up of common light, mixed with a smidl quantity of com- 
pleteh" polarized liirht. Sir David Brewster, to whom science is so largely 
indebted for liis mvestierations on this subject, liowever, cnnsulers that par- 
tially polarized, or, as he proposes to call it, apparently polarized light, is 
light whoee phmee of poiafiiationaie Inellned at angles of leaa than 90° ; aud 
be bases tliis ophiion on the Aot that light thoa piuitially polarised may, by 
a snflkaent number of reflections, have its planes of potarisation turned round 
00 as to coincide, and con«stitute perfectly polarized H;n^ht. The following table, 
given br Sir David,* sliou's the number of reficetions requircii to completely 
polaruse light s^t any angia, above or below tiio polarizing anijle, or 45''. 

e Optics, p. 173, and PUL Trans., 1820. 
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ff amber of refleotions raquirad. 


AnglM at whidi the light ib teflected. 


1 


56-45 




3 


5026 


62-30 


3 


40-30 


65-33 


4 


^3-51 


67 aa 


6 


41-43 


60*1 


6 


4(H> 


70-9 


7 


38-33 


71-5 


8 


37 20 


71-01 



Fig. 333. 




67T« Sll DavM Brewster illustrates his posiiioa by assumittg a beam of 
oomnion light to be cori'^tiiuted as us, cd, (tig. i, GGi.) Let 
such a beam be incident on a reflecting surface, ao that iha 
plkM cf refleotion eaaunly bipacts the engle which Ae two 
pfameeof potoriMtleo fim with eech other, as the doHed 
liae AM bieeots die angles irro^ and bts (fig. 1). By reflectioa 
from a glass plate, whose index of refraction is 1*525, the in- 
clination N8 to AB wiil be 33® IS'; so that dc will describe 
with SB angles of 66*26, as in tig. 2. At an incidence of 65, 
the iDclinatai of ve to 6»| willbe 35^ 36^; ead at the polae* 
izing Mgie ef d6'4S, the angle of inaiiaaticn «r m» c», will 
vanish, ae the two beams are made te^ooiiicide as in fig. 3L 
Thus, at an incidence on glass at any angle difTi ring frixA 
the polarizing angle of 56-45, the planes of light, ks, cd, bes- 
eem e inclined more antl more to each other, in y>roponion as 
the incident angle approaches 56*45, at whiuh angle die two 
planea beoome le twoed loniMl ae teeoiaehie completely, aed 
pvodaoe a dngle beam of pofattiaed light 
' 678. In the preceding observatiaBik light is supposed to be polaiiaed bf 
reflection from glass alone; the same physical characters may, however, be 
communicated to it by reflection from iho surfaces of almost any noti-metallio 
substance ; ns that reflected from metallic surlaces (726) diliers in its pro- 
perties from the polarized light under oonsidMataeOk All bedies have their 
penilkur pohttisiiif angle ia the iaaM mamMt ae thef have their indflK «Mf 
fVaction; thai, the angle for glass is 4S^ and fiir water 99^ 34^ The 
effisett of the different polarizing angles of two transparent substances upon 
polarized light, may be shown by an experiment deseril)ed by Sir D. Brewster. 
Havinf?: fixed the plates fr (670, flg. 2) at the angles of 56® 45'. and with 
the planes of reflection and polarization perpendicular to each other, the 
image of the euidie will be iaYiaibie in x. ftreathe upon the latltr, «e as to 
eover it with a Aim of water, aad immediately the eandle will beeomevMibK 
Aon a fpftift ft qf tiie piriaffiatMi bean iitKieivping lefleotitti fiom the ¥a|Mi 
eotidensed on k. 

679. The angle of complete polarizaHom for any substance mny be readily 
deterniined by the law discovered by Sir D. Brewster iliai— IVu; index of re^ 
fraction u the, tangml of Urn angh of poiarization. Thus, if the polarizing aui^ie 
of watw, whose ladtt ef mifaoiioa la l*3a6| be mqaivedi all that we have to 
do,it to look fx that nomber ma table of nBHiraltangmiis,Of for ite legnhhm 
in a table of logarithmic tangents, and the (xmespoodiag angle of 53® 1 1' will 
be foundopposite to either. The polTirizing angle of crown glass ''>6*' 45';lbr, 
as its index of reXracUon. is the iQganthxzt of that number is 1&3S7, 
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which is the table of logarithmic tangentSj corresponds very nearl/ to the 
angle mentiotiecL 

680. Idght may be polarized by reflection ffom the seoood surfiuie of 
bodies, or internal reflection ; and the angle for complete polarization has its 

cotangent ecjua! to the index of refrartion of the substance, and may be found 
by looking lor the latter number in a table of cotangents. This, in the case 
of water, will be 56** 49', and of crown-glass 33° so that the polarizing' 
angle at the second surfacci is equal to the complement oi that iur the hrst 
nrAce of a medinm. 

681. If, instead of luAng white fi|^t^ any one of the colored beams of the 
spectrum be incident on a reflecting medium, it will undergo polaiizstioo in 
the same manner as common light, but at a different angle for each ray. 
The value of the poiarizinij angle for each, may be found from its index of 
refraction, by means of the law of tangents (679). Thus, the polarizing 
angle, whan water ie wed, is 534 Hot the red, and 68*19 Ibr violel beame; 
and when plate glaaa is employed, 56*34 fi>r the red, and 56*55 fbr the mtet. 

From the data ooniaiiied in F!iaindi6fer's taUK the pojariaing angle fiv eanh 
<tf his seven rays may be readily computed. 

• 682. A considerable portion of light when incident on a single glass plate 
is refracted through it and lost; consequently when the reflecting surface of 
a polarisoope is composed of but one plate, too small a quantity of polarized 
light fixr many purpoaet is proemed. The flame en (669) shonld, therefore, 
eentain aboat a dozen plates of thin glass, instead of only one, and then a veijr 
powerflxl beam of polarized light is obtained ; and whenever the polariscope 
is referred to in the following pages, it is always supposed to contain these 
number of glass plates in the lower frame. If light be incident oblirjuely on 
the first plate of such a series, as at an angle of 74°, the refracted light will 
be almost entirely poboised, and in a plane at right angles to that of the re- 
fleoiad beam {670). A bundle of plates of mioa, or taks of eommeroei waaj 
be advamageonsly substituted for those of glass, as they am wvy light, occupy 
but little space, and polarize light very efff^ctimlly. 

When the sky is tolerably free from clouds, a certain portion of the 
hght becomes more or less polarized in its passage to the earth. The maxi* 
mum of polarization takes place in a circle placed about 90*^ from the sun. 
The pkme ia which the polaiiiaiion oeeors vazies in diftreat parts of the 
sky aoooiding to the position of the sun. According to Arago, the rays ie» 
ihnted flnam the moon contain a eoosidembie qnamiiy of polaila e d U^t, 
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CHAPTER XKV. 

Interference of polarized light, 684. Colors exhibited by eeknitet 6S^—by micaj 6S8. 
Cami if them eokn% 687 oA wiy f ampkmentarf^ 689. RmgB produced by a 
cone of ray» in crystaUy 690 — seen in talc-spar^ 691 — in topaz^ 694 m MMI» 
698-^ J2M^^/<'8a/<,699— tniii<rf,700. Mo4€of mutlyzing,102. System of 

tints in hnnnncnkd glass, 703 — in ryhnders, 704 — in square pieces, 705. /.Tn^i 
of no poianzuUon, 700. Polariscope for doubling the colored Unes^ 707. Colors 
injeUyf 708 — in crysiaUm Hnes, 709. Polarizing murosoope^ 710. 

684. Hathw described eoine of the most important properties of wliite 
lecdlinearly polarized light, we Imve next to investigate the phenomena of 
color produced by interfprenre. To appreciate these, thn fol!owinac laws, dis- 
covered by MM. Anii^o and l>c?nel, must be prpyjons-ly well nncJerstootJ. 

(A.) Two t oanisof light polarized in the same })iane (HCS) are rnpable of 
interfering with each other like common light, and they produce in conse- 
quence fringes of the same clianeter. 

All tiie experiments on diffinction (633), if tepeated with polarized li^ 
will ptodnoe the ssme phenomena as if common light were used. 

(B.) Two beams, polarized in planes at right angles to ench other, will not 
by their interference, pro iiK e colors. When polarized at angles intcrineiliate, 
lit ween 0° and 90°, they produce fringes of intermediate brighmess, the tints | 
disappearing at 90^, and leoovering their vividity at CP. 

(G.) Two beams polarixed at tight angles> maj be brooght into the same 
plane of polarization, wirhont acquiring the power of ibrming fringes faf in< 
terfercnce. 

(D.) In the phenomena of interference produced by rays that have tinder- 
gone double refraction, a difference of iuili an undulation must be allowed, 
as one of the beum:i ui iigbt i;» retarded to that amount by some uuiLnowa 
canae. 

685. To exhibit the tints produced hgr polaiixed light, place on the glass 

stage of the fx>laxi9cope (660), a thin lamina of selenitCi of unifimnthickn^at 
and allow a beam of light, polarized by reflection from the lower plate p, to 
pacs through it to R. The source of light may be the sun's ray?, or diffused 
daylight, or still better, the light of a lamp or caudle provided with a 
ground-glass shade. Let the index on n be placed at o on the graduated | 
eircle xr, by turning round the former, and the plates bf be placed as in figure 
1 (670). Let R and p be fixed at the polarizing angle (679), and on l^lriwg 
into the analyzing plate r, the image of the seleniie will be seen, not 
CCrforles?, but possessing a tint varying with the thic]rne>5 of the plate. Let 
US suppose the film of selenite to be of sik h a ihickness as to appear red 
when ito image is viewed in the analyzing piale: slowly turn round the sele- 
nite, and the color will gradually disappear and ultimately vanisb| at tiiis 
point the plane of primitive polarizatson (670) will pass through one ef the 
axes of double refraction (653) of the selenite, and no production of ooloc 
can ensuf*. Continue to turn round the selenite, and the red color gradually 
renppears,altainingeventually its primitive bniliaucy ; on continuing the rota- 
uon, the color again lessens^ and disappears when the plane of polarizatiou 

I 
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Fig. 323. 




isaes thioagli the second noutmt axis of the crystal. The greatest intensitjr 
o£* color will be observed when one of two h'nes, inclined 45° to the neutral 

f^X-is, lies in the plane of primitive polarization; these lines are termed dt» 
jHtiurizing ares, because they alter the polari'/ntion of the transmitted light. 
The position of these lines are observed m lUe folio wuig 

figure: 

CABS, di6 plate or film of selemte. 
XF, «■, neutral axes at right angles to each other. 

jkn, CB, depoiarizirig axes, inclined to kf, gh, at angles of 45®, 
6s 6. Hnving again placed the plates of the polariscope as 
nt the commencement of the last experiment, let the film of 
selenite remain fixed, and when its red image is visible in the 
analyzing plate, slowly reyolre the bitter, noUoing the arcs of 
Mation on the graduated circle. On revolying the analyzing 
plate, the red color of the reflected image will gradually lessen, 
and when a revolution through 45° has been performed, it will 
tiisappt^ar; after 45° tlic film will gradually assume a green 
color complementary (614) to the red; and will attain its greatest brightncs"? 
at 90°. From 90° to 135° the green vanisiies, and after 130° the red reap- 
pears, attaining its utmost yivid state at 180^, after which it again vanishes; 
mt 270^ acquiring its green color, whlch^ ou continuing to turn the plate, 
Tanishes at 325°; ultimately becoming red at 360^ or 0**, from which point 
\{re "("t nut. If tlie of splenite had boon of such a thickness as to afford 

other luits, tiie com[)lLni('iiiai y colors would have appeared as in Newton's 
experiments, with tiie colors of thm plates (641); the colors seen at 0^ and 
at 90°, or 180° and 270°, being invariably such as, when united together, 
would constitute white light 

887. If the analyzing plate of' the polariscope be removed, and the selenite 
be viewed with the naked eye whilst the polarized ray is passing through it, 
no colors will be seen. Hence the analyzing plate must have aided in 
rendering them visible. To understand this, let us follow the course of a 
polarized ray passing through a plate of selenite at or near one of its depolar- 
izing axes. The selenite being a doubly refiacting crystal, will cause the 
Incident polarized ray to be divided into two, an ordkutry and exlraordinttiy 
(650) polarized in different planes, which reach the eye together, and a color* 
less image i.s perceived. But if the analyzing plate be used, and the light 
which has traversed the crystal be reflected thus to the eye, an important 
change occurs, the white image is broken up into two colored ones comple- 
mentary to each other, one of them, as the green one, is polarized in the plane 
of reflexion, and therefbre reaches the eye, giving a green image of the se« 
lenite^ The other image being polarized in a different plane, passes through 
the analyzing plate, and by looking through the latter whilst inclined at a 
con?iderable angle to the my, a red image of the selenite is visible, the same 
thing occurring by reflexion if the analyzing i)late be revolved 90°, as then 
the plane of reflexion will coincide with the plane of polarization of the red, 
and differ from that of the green ray. 

688. If a thin plate of mica be placed on fte. stage of the polariscope, in- 
stead of the selenite, colors disappearing and reappearing in the same manner 
will be seen. And on inclining tlie mien, so that the polarized ray may pass 
tlirough (lifferent thicknesses of it, a variety of exquisitely beautiful t'mH will 
become developed. If the mica or selenite be not of uniform thickness, the 
reflected image will appear richly tinted with various hues, depending for 
dieir variety and intensity upon the varying thickness of the plates. 

680. A Tery instructive mode of analyzing the polarized ray after it has 
pasted the fltao of selenite, iM to view the latter diiongh a doubljr nftaeting 
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rilOinbotd of cakMQMUr; the transmitted my will be divi(le<l into two coloret! 

images which will be both visible at the same time. 
Fig. 324. The red and green images are complementary to eadi 

other, and if superposed would constitute white li^u. 
This maj be proved by holding the calo-iimr at a pvo- 
per dislBDce, when the two images wilt partly OTerl^iv 
producing white light, as in the aooompBDying figure. 
On this account no colors were seen when ihc srienire 
was viewed without the analyzing plate (687) or csnc- 
spar, as both rays then reached the eye toj^ther, and 
pfodiHsed a white image. 

690. In the above experimeitli with jeleikite or inioa, die laye of ineidsat 
polatixed light were nearly parallel ; i^ however, they are converging and 
enter a crystal so as to traverse its optic or doubly reftaoting axis{653),a nev 
an<l splnrxlid series of phenomena become visible. 

Let common light be incident on a plate or a series of plates of Elass, am, 
placed on a black surface at the polarizing angle, so that a bright beaui of po- 
larised light may be refieoted to the eye at b, which thus is placed at the 

Fig. 325. 




fipex oi a cone of rays. If a thin plate of a doubly reiraciiog crystal, as 
calcareous spar, cut at right angles to its axis, be placed at n, it is obvioiis that 
the rays oi polarized light will traverse it with various degrees of 6bliquii7» 

and thus virtually x>ermeate different thicknesses of the section. The cential 
rays which pass through the optic axis do not suffer double refraction, nt)*^ 
therefore will appear to tlie eye at e, the same as Jt no crystal had beeu 
present, but tlie other rays which pass tlirough the other portions of the crys- 
tal will undergo double relraction, each being resolved into an ordinary aiid 
extraordinary ray, as in the case ot the plate of selenite (687). These rays, 
however, reaching the eye together, will aot produce any color, and cannot 
be distinguished from common light. To render the phenomena of colored 
polarization obvious, an analyzing eye-piece must be placed between the plate 
of doubly refracting crystal and the eye. Let this be a plate of toiinnaline 
(6G7) or agate, so placed as not to transmit the polarized light reflected from 
▲B, if the crystal d were absent It will be found that the light reflected 
from AM has undergone some physical change whilst traversing ]i» as some 
of it has acquired the power of passing through the analyzing plate of too^ 
maline, and a beautiful, symmetrie image, painted with the most porgeoiH 
colors, becomes visible. This image is composed of a series of concctitr; : 
colored curves, and traversed by a black cross. Let the tourmaline bo tiiea 
tamed round 90^, and an image complemenlsiy to the first will be visible, iti 
black cross being replaced by a white one. 

69 1. The origin of these b^utiful colored rings is easily explained. The rays 
wliifh do not pass thronirh the optic axis, or those parts of the crystal destitute 
of double Tf^fraction, are divided into two pencils, an ordinnry nnrl extraordinary 
polarized m different planes, and hence one series are absorbed and the other 
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tnmsniitted by a tourmaline plate, according as it is held so as to transmit or 
absorb the originally polarized ray; bat this, altbongh soffioiant to axptain tba 
Iffodoctiont of two images, is not sufficient to explain the phenomena of colored 

rings. It must be recollected thattbe rays paflsdirough the plate of the crystal 
D with various degrees of obliquity, and hence some suffer more in the rapidity 
of their motion tlian others, or, in other words, undergo a ditTerent amount of 
retardation. Tlie rays are thus placed in the very condition required ibr the 
phenomena of interference and' consequent prodnotion of colored fringes, as 
in the ease of common light The ordinary layt being polarized in the same 
plane, di^ mutually interfere to produce one of the colored images, and die 
extraordinary interfere to produce the other. Both images being comple- 
mentary to each other, and if superposed produce white light The fii^ure of 
the rings results from the rays which penetrate the crystals at equal distance 
ftom lii optic axis, passing through similar thicknesses of the plate, and conse- 
quently undergo die same amount of retardation, and produce similar tints at 
equal distances IVom the centre. The singular appearance of the black cross 
is owing to the rays which traverse the crystal in a direction parallel to its 
principal section (G51) as well as in one perpendicular to it. emerging un- 
changed, and in these two directions the dark blue or black appearance pre- 
sented by the reflector ab (690), when viewed through the analyzer, will be 
Tisible as the arms of a black erossL 

692. To examine these rings in uni-axial crystals, take a crystal of calc- 
spar, and cut from it a thin plate at right angles to its axis (654), This should 
l>e preserved from injury by securing it by means of Canada bfilsam between 
two thin plates of glass. If such a plate be held near the eye in the manner 
above described, a splendid series of colored rings, resembling those of Newton 
(64 1), will be visible, the whole being intersected by a black cross, corre- 
sponding to the lines of no*polarization in the cryslalior those ak>ng which the 
polarized ray reflected from ab (699) passes unchanged. The arms of the 
cn'ss end in bmshes, and appear to extend for a considerable distance. Fig. 
A shows this beautiful figure. 

Fig. 326. 




Let the eye-piece be then revolved through 90°, so as to transmit the light 
reflected from ab, the figure b will then be visible, all the colors in the rings 
of which are complementary to those in a, and a white oioss takes the piece 
of a blaek one. 

•9S. If the plate of calc-spar be mvtjlwed on its axis, no change >vhateTer 
occurs in the rings, and if a portion be covered up with a piece of black paper, 
Ulp unoovered portion of the plate will exbibft tife rings as peilieotJy as the 
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whole plate. This maybe readily imderstood by recollecting that the axia of 
double refraction in these crystals is not a fixed line, but merely a fixed direc- 
tion (653), and exists as completely in the smallest fragment aa in a large 
plate of a crystal. If the plate of calc-spar be thicker, the rii^ will appear 
wider and leit doeely packed toselfaei; 

6M. If a similar plate be eat fkom any other nm-azial crystaly it will ets» 
bibit the same beautiful rings when held in the course of the beam of polar- 
ized light. If a crystal with a positive axis of double refraction, as zircon or 
ice, be examined, the rings will be identical with those of calc-spar which 
has a negative axis. But if a plate of zircon be placed on one of calc-spar, 
and the combinaticNi be eiaiiuned, they wUl be Ibniid to dblitemte each ocherli 
tintt to that, if of proper thiekneati no colored image will be Tiable. 

695. If, instead of allowing common white light to be incident oil p» 
larizing reflecting plate ab (690), homogeneous light be substituted, the same 
phenomena will be observed as when white light is used, but the rings will 
be alternately black and of the same color as the light employed. An altera- 
tion in their size is also of constant occurrence, the rings being laj^est in the 
moet leftangible or Yiolet Ui^t, and maUeet in red lig^ 

696. In eiyttalt possessing two axes of doable refraction inoioding bj Ihv 
the greater proportion of natural and artificial crystalized products, somewhat 
diflTerent phenomena are observed, of which the tendency to ellipticity in the 
rings, and presence of a black bar across them, constitutes the chief. In bi- 
axial crystals, where the axes are at a very small angular distance from each 
Other, both systeineof rlngiinajbecbienredalonce,ooeasomidcaehaxit,at 
In nitres anagonile, and aome tpectmens of yellow pmanaie of pomm (ftn^ 
cjanide of potassiom). In the great majoiityv however, the axes are so 
dis{>er8ed that but a single system can be seen at a time, and two distinct see- 
tions, each made nearly perpendicalai to either xetultant axis, ia necettary 
ibr abowing them. 

697. Let Ai be a plate of Scottish topaz, cut at 
right anglet to the crysiallographic axia cf the 
crystal. This is bi aiial, the resultant axes befog 
inclined about 65° to each other. Let a ray of 
polarized light pe be incident obliquely on this 
crystal, and view it by means of a tourmaline 
eye-piece in the direction cd. An elliptic system 
of rings, traveraed bgra blaok bar, will be vinbK 
providing the eye pieoe be ao pteeed as lo absorb 
the original ray before traversing the ciystal. If 
the plate be then altered in position so that the 
polarized ray may pass in the direction gkf, 
a second system of rings precisely similar to 
those visible along cdp, will be visible. Thus 
Vie and env represent the direotiOQ of the two 
axes of the plate of topaz. If dm eyepiece bo 
revolved through 90°, a figure oomplementaiy to 
the last will be observed, all the red rings being 
replaced by green, and the black bar by a 
white one. 

69a The rings in faUzial miea can be readily 
discovered by holding a piece of the onttnuy 
fair of the shops abont f inch thick, in an inclined position as near to the toor* 

maline eye-piece as possible, and allowing a ray of polarized light to pass 
through it. But oiae ^stem is visible at a time^ as the axes are so much ii^ 
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at first visible, they readily become so by- 
moving the mica. The figure is generally 
circular, as in the adjoining figure, and 
traversed by a black b&Ty which becomes 
f^taoed bgr a white one, whoa the oom- 
plementaty figure it obtained bj levolTing 
the eyeixieee round 90°. Plates of borax 
or sugar-candy cut perpendicular to one <rf* 
the optic axes, may be convenieatiy used • 

to exhibit these rings. 

690. In most bi-axial crystals, in whidi 
die aopilaf dititanee of in^ vub is ooii> 

tidaimble, the syssem of liiHP Is always elongated imo wn dliptM figure 
and the tints are not arranged with the symmetry we meet with in 
fiystals with one axis. This is beautifully shown in sections of the Rochelle 
lalt, the pota88io>tartrate of soda. If a plate cut transversely to one of the 
axes of this salt, (in the manner described in the case of nitre,) (700) is ex- 
amined bgr polaiiied light, a splendid elliptic system of rings, travereed as 
bsobI bgr a black or rather a deep blue bar, will be observed. These rings 
ive most gorgeously tinted, but the colors are not equally arranged, the red 
predominating at one end of the long axis of the ellipse, and green or blue at 
the other,adding, indeed, much to the beauty of the figure. In some crystals, 
presenting these phenomena, the red ends of the rings are within tlie resultant 
•is% whilst in others the bine ends are thus piapod. To the ibnaer bekmg 
phosphate of eoda, sugar, oarbonate of lea^ lea, wbibt the Bodielle salt, sul- 
phate of magnesia, and topas, affiird examples of the latter. 

700. When the inclination of the axis is small, both systems of rings can 
be seen at once. To show these, take a crystal of nitre, and by means of a 
fine saw, cut off a plate half an inch thick, at right angles to the long axis of 
the prism. The best mode to finider this sulBeiently dun, is to mb it on a 
line file Immersed in water. A plate of 0Be«zth of an inefa la thicknese 
can thus readily be procured, and should be piesenred between plates of glass 
like the calc-spar (589). In general these sections of nitre are only perfectly 
transparent at their margins, being opaque and perforated in the centre. This 
is, however, of no consequence, as the transparent edge shows the rings very 
beaatifnlly. For this purpose, the plate should be held in the comM of the 
polaiised lajTyas near as possible to the eye, aimed with a tourmaline. The 
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beantiful figm shown io die nuurgin will be ^ble^ at wHl n»3Sty become 
to, by slightly altering tbe position of the plate. The two systems of rings 

are beautifully distinct and splentliiTly colored ; the outer rings of lx>th sys- 
tems coalesce and surround the whole figure with a sort of elliptic bord* r. 
If, whilst the eye piece is fixed, the plate of nitre is slowly revolved, the black 
arms of the cross will open, and when the line connecting the two axes of 
the crystal is luelined 45^ to the plane of primitive polarisation, the image 
figured m. the margin will be seen, in which the cross is replaced by two by* 
perlxjlic curves. If the plate of nitre be fixed, and the analyzer be revolved, 
a figure complementary to the first will be seen. The black crossed lines 
being replaced by white speceSi and the red rings being replaced by green, 
the yellow by indigo, &c. 

701. The double system of rings- may often be finely seen in yellow pnii> 
siate of potass. This salt is laminated and readily ftpltts in tbe direction of 
its layers. A piece should be then removed about a quarter of an inch thiel^ 
and if not quite smooth, should be polished by friction against a piece of wood 
moistened with water. By holdino siu h a piece in the direction of a polar* 
ized ray, and analyzing it wiiii a tourmaline, a fine double system of rings 
will be often seen. No sall^ however, varies in'tiie inclination of its axes se 
tnnch as this: in some specimens diey are nearly metged into <me, so at i» 
be virtually uni axial, whilst in others they are ooiisiderably dispersed. 

702. The analysis of the depolarized rays transmitted by these crystaline 
plates, may be e fleeted not only by absorption of one series through tourma- 
line, or their dispersion through agate (660), but may be as well effected hy 
using for an ey&piece a series of inclined glass plates (676), or a single image 
prism (604). The field of view is, however, mofe limited than when a thin 
plate of tourmaline is used. The analysis may also be conveniently made by 
reflection from a glass plate, which should be as small as possible. A pieoa 
of black gin ss, one-fourth of an inch in diameter, fi xed to a little arm of brass, 
so as to allow of its being inclined at any angle, and revolve<l on its axis, 
constitutes a convenient form of analyzer ; indeed, was the one used by Sir 
David Brewster in his elaborate lesearebee on the rings of ciystals. 

703. By means of ^e property possessed by polarized light of developin|f 
these colored rings, which always in tint and arrangement bear a constant re* 
lation to the physical structure of the crystal producing them, we are enabled 
frequently to make out the existence of peculif^r nnd intimate arrangement 
of molecular structure; and thus acquire a new and fKJwerful mode of inves- 
tigating the internal arrangement of some of those simple but wonderful 
structures presented to us so liberally in both the organie and inorganic world. 
This may be beautifully illustrated by subjecting unannealed glass to the 
action of polarized light; we have seen that glass, by suddenly healing or 
cooling, acquires the property of double refraction (659). If the plas-^ he 
properly prepared, by lieating it red hot, and rapidly ccx)ling it, this doubly re. 
fraoting stmcture is permanent. Such a piece of glass appears, when viewed 
by ordinaiy light, like any other; nor can any peculiar feature be detected in 
it, in which it differs from other specimens of tiiat sobslanoe. But if a piece 
of t}iig preparetl glass be placed on the stage of the polariscope (669), a most 
beautiful colored image will become visible in the analyzing plate ; whilst, 
under similar circumstances, the glass beibre heating did not exhibit tbe 
slightest (X)lor. 

704. A solid cylinder of glass carefully heated and cooled qnickly, is gene- 
rally Ibond to be uni-axial, and when examined bfpolariEed light, Iqr placing 

it on the stage of the polariscope, the planes of reflection and polarisBtioo being 
at right angles; the system of rings shown in the marginal figure much 
resembling those seen in calc spar will be visible. The axis of double relrao 
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tkm is, however, generally somewhat eooeii« Tig. 331. 

trio, to that oa revdlvingthe cjlinder, a sligbt 

tejodeiaej to distortion in the amis of the cross 
is observed. There is tliis essential distinc- 
tion between the rings visible in unannealed 
glass, and those in natural or artificial crys- 
tals, that in the latter they may be detected 
in the imiratiest particle, so that if any part of 
the eiyital be covered up, the uncovered por^ 
tkm (693) will show tliese rings as per- 
fectly as the whole crystal. On the other 
band, if any part of a piece of unannealed 
glass be covered with black paper, a corre- 
•ponding portion of tiie rings and ciois de* 
vebped polarized light will cease to be visible. 

705. Let the planeus of the polarizing and analyzing plates be at right angles 
(670, fig. 2), the index being at 90, and if the glass be shaped into a cube, 
the beautiful fi.gure shown at a will appear. The circular curve? in the angles 
possess the most vivid hues, in which red and green predominate ; the oentie 
being oocapied by a Uaok cfOM. 

On taming the analyzing {date lonnd 909, so that the planes of refleetion 
sod polarization may coindde (670, fig. 1), the colors, which almost entirely 
vanish at 45®, will undergo a remarkable change; the figure shoM^n at b will 
appear, all the colors of which are complementary to those of and the black 
cross will be replaced by white ajwces. 




Fig. 332. 





If tlie plate of unannealed glass he s^juare, and about one-third as broad as 
it is long, tlie elegant figure shown at a will be visible when the analyzing 
plate is set at 90^, so that the phuae of lefleotion may be perpendicular to the 
plane of polarization. The oompleroentaiy llgnre b, replacing it wheo the 
snaljrzing plate is placed at 6^ or 180^, so that the planes of leliection and 
polarization correspond. 

70G. The dark lines forming the black cross, seen when those plates are 
submitted to polarized light, must be considered as pointing out the position 
of tbe points where the polarized ray passes through unchanged, and ase 
hence conveniently called Htut of no palarmaikm (G^iy If the analyzing 
plate be fixed, and the nnannealed glass be slowly turned nmnd, the black 
cross will begin to open, and its arms to separate in elegant curves, until its 
resultant nxvA (053) are inclined 4r>° to the planes of polarization and re- 
flt'ction, when a beautifid symmetrical figure will be visible, as at c in the 
last figure. On continuing to turn tlie plate of glass the dark cross gradually 
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Fig. 333. 




Fig. 334. 



re-appcars, and attains its greatest intensitywhen one of it? arms corresponda 
lo the plane of polarization, antl the otlier to that of reflection. 

707. The beautiful figures thus visible in unannealed glass are rendeied 
more brilliaiit by allowiiig the polarized lay to pass twioe through th« piece 
auhmitted lo experiment For this purpose, the very simple apparatus Ibf 

polarizing light proposed by Leooant, can be conveni- 
ently employed. It consists merely of a small looking- 
glass A, placed on the table, a frame b fastene<l to the 
mirror by a hinge at c, has about ten plates of common 
phUe window-glass ptaioed in it, and is fixed io an in- 
dined positioa to the minor, by means of a support 
The piece of unannealed glass is placed on the mirror, 
and it is viewed in the direction ef, and the figures 
become beautifully distinct, the rings being much more 
numerous than when examined in the ordinary man- 
ner. Common light is incident on B in the direction 
•r, and is divided into two oppositely polarized rays ; one is transmitted and 
tlie other is reflected to\vards the mirror, passing in its course through the 
unannealed gla^s; from the mirror it is reflected back again, passing through 
the latter, and boing partly depolarized, passes in part through the inclined 
glass plates, rendering the figure visible at b. 

708. When a mass of animal jelly is placed on the stage of the polarisoope, 
no colours are visible in the analyzing plate, so long as the jelly is not sub* 
mitted to pressure ; hut as soon as it is compressed with sufficient force, it as- 
sumes a doubly refracting structure, and a series of tints traversed by a blaek 
cross becomes visible, provi(?ing the analyzinj^ plate be SO placed tliattha 
plnnes of relleetion and polarization arc at right angles. 

Jelly, solutions of gum, aud albuminous fluids, allowed to evaporate spon- 
taneously, so as to leave an indurated mass, also exhibit the four colored 
•eotoi% traversed by a black cross. A slip of glass, previouBly witboul nctioa 
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on polarized light, develops a seri^A of tiDts, by bexidiog it or submitting it to 
pressure. 

709. No series of objects exhibits the tints of polarized light more beauti- 
fully than the ciysialine lenses of animals, especially of fishes; to examine 
these, they should, to prevent their bringing the incident rays to a ibens, be 

immersed in a glass vessel, containing oil, or some fluid possessing nearly the 
same refractive power as the Ion?. The erystaline lens of the cod fish ex- 
hibits twelve beautiful colored sectors, separate l by two dark cOQCeotric cir- 
cles of no polarization (CG3), and traversed by a biack cross. 

Frrngments of ordinary quills, and other indmated animal ttmctares, also 
exhibit these tints, when submitted to the actioa of polarized light, in an ex* 
trernely beautiful manner. 

710. Most interestinsr results are often obtained by examining sections of 
organized structures or minute crystals in a polarizing microsa>pe. AH tljat 
is required for this purpose is to place under the stage of an achromatic 
microscope a single image prism (664), plale of tourmaline (667), or bundle 
of glass plates. By one or other of these contrivances the light transmitted 
thxoagh any object on the stage will be rectilinearly polarized. The analyzer 
should be a short Nicol's prism, fixed over the diaphragm in the body of the 
microscope, or as these must interfere with the achromatioaof the instrument, 
a thin plate ol brown tourmaline riiay bo placed over the eye-glass. In this 
way the structures of quills, horns, iicxjfa, teeth, and other aaimal structures, 
are most beautifully developed* 

711. A magnificent class of objects finr the polarizing miorosoope is found 
in crystals of different doubly refracting bodies depodted on glass plates by 
allowing their dihite watery solutions to evaporate spontaneously. To pre* 
serve them, they should be covered with a second plate of glass, some Canada 
balsam being allowed to run between them. Chlorate of potass, nitre, sali- 
cinc, acetate of lead, sulphate of copper, and ferrocyanide of potassinm, are 
objects of really gorgeons beaoty when thus eocamlned. ^Some bodies exhibit 
the colored rings, traversed by a black cross, like calcareous spar (692), and 
are peculiarly beautiful. The spherical crystals of carbonate of lime, whieh 
I discovered to ho spontaneously deposited in abundance from the urme of 
the horse, finely exiiibit tiiese. A rare salt, the oxalurate of ammonia, beau- 
ti fully exiiibits ttie same phenomena. Starch, especially of the potato and 
fokff fo moit, shows the black ciois well defined. 
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Conditiomfor cireHlar pOanmtkm, 712 m o de of pndmbigy 71 3 iUmhviti lm 
qumtXj 714. Jkriatimn of pkam of poknmtiom, 716. Ciradar pdarixatiom 

of fu)tnog€n€ou» Hght^ 717. Cwadar polarization by mctgnrtum and electridif, 

719. Cira^lar p^arizmg jiorrrr nf organir flmds^ 720, Table of Jhdds^ 722. 
jtction of synip^ 723. jiwt 's fomuda for nwkaxlar forrt of nrndar polariza* 
tion^ 724. Test for ctrcuiar ptncer in ftuids^ 725. CondiLxoni for eUipitc polar' 
izaiumy I 2(j — produced by metatHc reflection^ 727— rtn^ m cak-qtar aUtnd bjf, 
788. Angles for dl^poUm9mHon,T29. iNdMnfi^ 731. 

712. Whik two sjrstems of undulations of equal amplitude, and poterized 
in planes at ritrht anglos to each other, differ in their paths by-a quarter of aa 
undulation, the ooinpound movement thus generated in caeh molecule of ether, 
wiU not be rectilinear, as in the variety of polarized li^Ut we liave jusi ex* 
anuiwd, but ciiealar. When the eet of wndnhitione which it in tdmaot of 
the odMchf <he fourth of an eMiio wve^ has Ite ptene of pobiimioB to the 
right of that of the latter series, the motion will be piopegited fiom lii^ to 
left in a spiral direction, and from Inft to right when the fyptem of ^vnves are 
arranged in the opposite direction^ and the resulting liL'ht takes the name of 
dextro-gyrate or right4uuided, and IsYo-gyrate or ie(l*haaded, according to cir* 
comstances. 

713^ This oonditioii of polarizad light may be pMNhieed In sevend waye; 

perhaps the readiest Is tiuit proposed by Mr. Airy. He allows a ray of plane 
pOiarized light to be transmitted through a lamina of mica or selenite of suffi- 
cient thickness to retard the ordinary ray (687), an odd or even number of 
quarter undulations more than the extraordinary ray. Under these circum- 
fitanoes, the emergent light will be circularly polarized. 
Another praoest is that of M. Franai, by albwiiig a nqr of phme poluind 

llgbti AS, to soflbr two lefleotloiis fiom the Interaal sn^ 
ftoes of a parallelopipedoD of crown-glass, where acute 
angle?, KL, are inclined at 54-30, and when obtuse ones, 
MN, are equal (Xinsequently lo 126°. The emerging ray 
CD will be circularly polarized. The plane of reflection 
■on sluxild form an angle of 45° to the plane of polar- 
Ixatioa of the lay Am. By each of theto internal refleo* 
lions, a re^tardatkm of oneeigbtb of an imdnlation is 
produced in one of the systems into which the iooidenl 
light is resolved on reflection attlie internal surface kit. 
If the mass ol glass bo of sufficient length, the ray will 
emerge polarized circularly alter two, six, ten, fourteen, 
ieiBectk»i8, and reotilinearly ailer four, eight, twelve, 
sixteen, Ao, refleotioiis. Ciiouhirly polarized heat may 
be readily distinguished from the reetilinear form by 
examining it with an analyzing eye-piece (702). For 
it will merely gradually decrease m intensity as the latter !« revolved to the 
right or the lett, never disapx>eaiu)g and reappearing four times m each revo- 
liitioii(671). 




Digitized by GoogI 



CHOU&AR VOLARIBATIOM IN QUABTZ. 887 



714. Let a plate of regularly crystalized quartz be cut in a direction per- 
pendicular to its axis, and placed on the stage of the polariscopej on looking 
into the analyzing plate, no blaolc cxost will be visible as io oakmoiis spar, 
unless tbe plate be eioeedipgly thin, and then if held near the eye in the 
manner already described Hat examining crystals, a bluish ill-ddfined cross 
■U'ili be seen. Colored rings are not generally visible unless the plate is Imld 
near the eye, so as to be at the apex of a cone of rays (690). When examined 
on the stage of the polar iscope, or at some distance 
from the eye, the whole plate presents ajn nniibrm Fig. 336. 

tint; and no rings will be seen at the eiicmnferenoe 
of ^O crystal, the whole being filled np by an uniform 
tint, providing the plate be of the same thickness 
throughout; otherwise it will vary, as the intensity of 
color depends on the thickness of the plate. If tlie 
color be red, slowly revolve the analyzing plate, and 
the tint will change to oiange, yellow, green, and ulti- 
mately to violet; as though the analysing plate had 
during its rotation acquired the power of reflecting 
diese different colors. 

In some specimens of quartz, and other crystals pos- 
sessing this power of circular polarization, the colors change from red to violet, 
wliea tbe nudyzing plate is tumed from right to left, and in others when it 

Fig. 337. 

MGHT-HANOED LEFT-HANDED 
RED RED 



VI OLET^-— -~-^RM|K ORANGE ^ '""VIOLET 

INDIGO^ >0[EU«(lf YELLCA^ >dNDlQO 

GREEN. IbLUE BLUE^ ) GREEN 

YELLOVVy yiNDIGO INniQO^ /YELLOW 



RtD RtO 

m 

is moved from left to right. Hence these crystals are termed right-handed or 
left-lianded, according as they possess the property of causing the planes of 
polarization to revolve spirally in a direction from right to lel\, or leA to right 
(712). 

71 5. A plate of left-handed qnaitx, 0*3 inch thick, when placed on tlie stage 

of the polariscope, so that a polarized my may pass through it, appears of a 
fine blue, when viewed through a plate of tourmaline, or bundles of mica or 
glass plate (702), held in such a manner as to prevent the ray from being re- 
fracted through them before being transmitted through the crystal. On turn- 
ing the quartz round on its axis, no change of color ensues : but on moving the 
eye-piece of tonrmatine^ glass plates, &c., the ibllowing changes of color are' 
obserred at difoent azimuths: 

99 
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Azimath. 


Color of ttansmitted image. 


0 • . 


• Jrino OHIO 


28 . . 


. . Pea green 


73 . . 


, , Greenish yellow 


98 . . 


. . Tawny orai^e 


115 . . 


. . Vivid red 


145 . . 


. . Violet 


180 . . 


. : RkliUiio 



Fig. 338. 




The pheootnena thus observed, are the same as would necessarily occur, 
if the |>olaii«ed ligUl had been, by passing through the quartz, resolved into 

a series of homogeneous rays, and become disposed 
in different planes radiating from the centre of a circie, 
AB flhown in Am marginal figure representing New* 
ton's chiomatic ciide, in coehaif of which the ookiit 
of the spectrum (510) aie ananged. The thicker 
the plate of quartz employf»<^, thf» ^^rentpr i^ tbf» arc 
required to etfect the conversion of the image into one 
of a different tint; so that, although in the above ex- 
periment a idation of the analyzing eye-piece through 
an aic of 180^ was sufficient to develop a series of 
ookwed images, yet, on ioereasiDg the thkdmess of ihe 
plate, a much tazger axc is zeqniied to ptodnoe the 
same effect. 

716. In plane polarized light we have seen thnt tlie maximum and mini" 
mum of light reflected by the analyzing plate (G7 1) is attained when the plane 
of reflection is inclined to that of polarisation at aingles of 0^ and 90^. This, 
however, is not the ease with dnsnlariy poiarixed lis^t To nmke this intel- 
ligible^ place on the stage of a polariscope a plate of right-banded qnaits CHM 

inch thick, and illuminate it with homogeneous 
light, as by that transmitted through a ])iece of red 
"glass. The greatest intensity of the light will not 
be any longer at 0®and ISO^'but at 19® and 199**, 
and the least at tOO^ and 289* instead of 90* and 
270®, as If the plane of polarization had been turn* 
ed round 19 degrees towards the right. This may 
be illustrated by a curved figure like that before 
employed (672). We see that the lines produced 
fromO® and i8U° are not now the longest tliat can 
be drawn within the external curves, but that lines having this property must 
now be diawn 19* to the right of their former position, or in the direction of 
ihe dotted line Am. 

717. If homogeneous light of other tints had been employed, a still greater 
alteration in the position of the plane of polarization would have been ob- 
served ; thus, for the mean rays with a siniilar plate of quartz, the deviatioiis 
of the plane amounted, from Biot's experiment, to the following extent: 

Red . . 19* Blue . . 32* 

Orange , 21 Indigo . 36 

Yellow . 23 Violet. . 41 

Green . 28 



Fig. 339. 




This 



in the positioa of the pknes increasee with the thiduMW of 



die plate of quartz. Thus, if a deT»tion of 19^ is produced by a plate of 
quartz 0*04 inch thick in red light, one of 38^ igpiodiioad by A plate O OSinoh 
thick, and of 95° by one 0 20 inch thick. 

718. Tlie colors visible by polarized Uglitin quartz are never simple when 
white light is used ; for as the didereut colored rays are thus shown to be 
oneqiially dispersed, it ibllowt that aldicNigli an aieeis of one tiut may be 
viaible at a lime^ so as tofiYe a well matked oolor to the naiMimtted imys; 
yet it mast in ewy ease be a ndjctare of semaL To eomprehend this, let 
Uie series of curves in the figure ac rr, represent the intensities of MM the 
red, TT tlie yellow, bb the bkie, and yy the violet say lespecUve^y* 

Let a plate of right>haaded quartz 
0'2 inch thiok be theo ejcamfaied by • Fig. 340. 



polarised lic(b^the analyzer being so 
placed as not 10 refleet the polariaed 

ray, if the quartz were absent If 
homogeneous light be employed, the 
red ray will obtain its greatest intensity 
at 95^ and 275^and its least at 5° and 




185^, the. depth of the curves on the 
line am being the grsatest at the former 

Domber and least at the latter. In tlie 

same manner the curves on the line ^ ~* 
XT, BB, and vv, represent the intensity 
of the yellow, blue, and violet rays at different angles. 

Lei homogeneous be replaced by white polartiwd light, and Iha tints pio- 
dnoed by its passage thfoogh the quartz plate be observed atO^; on lelbrring 
to the figure, the blue and violet rays will predominate, the yellow and red 
being sparingly reflected; at 5**, the red attains its minimum, and the image 
will be the darkest from the presence of excess of violet light At 95°, red 
wilkpr^ominate in the image, but mixed with much yellow light; at 115°, the 
yellow will attain its greatest intensity, at 160^ the blue, and at 205° the violet 
will be at their maximum. Thus, in no case can a pore homogeneous tint be 
obtained when white polarized light tmverses quartz, all the colors being mix* 
lures of several, of which, however, one predominates over the others. 

719. One of the most interesting contributions to science, for which we are 
indebted to Dr. Farailay, is the discovery of the excitement of a molecular 
change in certain forms of glass, water, alcohol, oil, and other substances when 
trnder the Influence of thai magnetic and eleetrio forces, suflBoient to cause the 
rotation of a polarized lay. To show this with the magnet a piece of flint> 
glass, A, or much better, a heavy slip of fused bomte of lead 2 inches squaie 
and 0 5 inch thick, is placed between the poles H« of a powerful electro-mag- 
not (483), so that tlie lines of force ('252) may pass through its length. A 
ray uf lij^ht dd is polarized in a vertical plane by reflexion from a piece of 
blackened glass n, and passing through 
the glass ▲ Is examined at a through a Fig. 341. 

NicoPs prism (664). So long as the 
bars a and s are not magnetic, the lay 
Is transmitted or extinguished as usual * 
during the revohition of the prism. 
Let this be then turned so that the r^y 
is darkened, oonoeot the wires cs with 
the battery, the bar Insurotly becomes 
magnetic and the ray becomes visi- 
ble. /It will be necessary to revolve - 
the j>rism to the right to extinguish the 
ray which has, under the influence of 

/ 

». kjiu^ jd by Google 





fhe developed mftKiielinii, been made to revolve. If the north pole be next 
the observer, the my will remHe to the right, but if this position be reveiaed, 

it will revolvf to the left 

720. When a glass tube is liiled with water and placed in the axis of a 
long helix of wire traversed by a current from a battery of ten pairs of plates, 
the water essoinee e sunikir rotatory power ever a tecillinearty- polarixad my, 
toming it to the right or the lef\, according to tbe direotkm of the euiieaittlie 
ray always revolving in the direction in which the positive current traverses 
the wire of the helix:. When a wide tube of glass is filled with wat^r and 
the hrlix trBveraed by tbe ' urn nt immersed in it, the water in the centre of 
the helix wiii alone exert any action on a transmitted polarized ray, that lying 
between the exterior of the ooU alld the side of die tnbe having no ioiatoi]r 
]M>wer, A pieoe of borate of lead glass plaoed in the helix aoqnires st eimi* 
lar power. Thus by the magnetic and eieolrie Ibroes Dr. Faraday communi« 
cated temporarily to glass tlie rotatory power natrimlh' po'cessed by quartz 
(714), and to water and other iliii(ts the power prttjjcr to syrup nnd nil of 
tiirpetitme.* The intensity of tliis acquired power is shown in the loiiowiog 
table : 



Oil of Turpentine 
Heavy ylass - 
Flint glu:s3 • 
Boeksalt 
Water • 
Alcohol ' 
£ther # 



H'S examined natuialiv, 

6 0^ 



exfimined under thr» 
^inllucnca of electric 
cuxrentft. 



Tig, 342. 



2-8 
2*2 

« . - . ' 10 
« « leas than water 
• ^ less than alcohol^ 

791. Solntkms of sugar, camphor, and a large number of organfe flnld^ 

naturally develop the phenomena of circular polarization. If a brass tube, 
closed at the lower end with a plate of glass, and about six or eight inches 
in length, be filled with oil of turpentine, and placed on the stage of th<* po- 
lariscope, the richly colored images (715), and a rotation of the pkme of 
poiarization from right to left, will be observed. 

It is ikr better to examine die ciiciilarly polarizing power of fluids by means 
of a polariscope consttucted for that purpose. The following is a Teij 
simple one, which I have used for some years, consisting of a bundle of platea 

of window glass a, as a polarizing mirror, fixed to nn 
arm so as to admit of ready motion, and supported 
by a screw from a common retort-stand. A tube of 
brass an inch in diameter, and eight inches long, a, 
closed at its lower end widi a plate of glass holding 
the fluid to he examined. The transmitted ray is 
analj'^ed by an eye-piece c, consisting of a single* 
image pri^m (G64), or bundle of thin glass plates 
(673), capable of being placed at any azimuth. The 
action of tlie oil is much less intense than that of 
quartz, in the proportion of 1 to68'5: hence the ne* 
cessity of uriog a tube ibU of the oil, so lis to Ihrro a 
fluid colamn about six or eight inches thick. 

72'2 Some organic pmrhicts tnrn the plane of po- 
larization from left to riLht. r thrts from right to left 
(712); this is best seen by using homogeneous light, 
which for practical purposes may be etfectcd with 
sufficient accuracy, by observing the rotation tbioogli 
a piece of i^ass colored red by ptotoxide of ootpper, 

• PInl. Trans., 184G, p, 14. 
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POLAKIZIMO POW£R OF ORGANIC FLUIDS. 841 

•nd whwh allows wetmely maj Mcept ih« axlreme ved nji to ptm diMogb 
iL Bgr operating in this manner, M. BkN* Ims somoiiod in detecting the 

property of circular polarization in an immense numbf^r of fluids, and lie has 
even applied this propprty to organic ciiemistry, as a mode of distinfzuishing 
between closely allied organic products, as the different varieties of gums and 
sugars. In the following table are the results of some of the most interesting 
leeutts of fiioc*s ezpeiimeiUs; the porition of the points of the daggers in the 
tlaixd oohunn indicates the dirsctioii of the lotetiaa of the planes of pobtfiass^ 





Arc of rota- 


Direc- 


Thickness 


Specific 


Mame of f laid. 


tion observ 
ed throngh 


tion of 
the ro- 


of column 
of tluid in 


gravity 
of the 




red glass. 


tation. 


inches. 


fluid. 


Oil of tEMrpetitine 


45* 




& 




Oil of citron . • • i 


84 




6- 




Oil of berganiotte 


29 


:|: 


6- 




Oi! of anige , , , . 


P) 


-I- 


6-4 




Oil of caraway . . 


100 




6- 




Oil of spearmint 


(?) 




6- 




Oil of nae .... 






6- 




Naphtha 


12*>40' 




6-4 


M052 


Sol. of cane-sogar in water • 


23 5 




c- 


Ditto 


51 1 


4— 


6- 


1-2310 


Sol. of sugar of milk in water . 


10 3 




6- 


10537 


Sol. of sugar of starch in water . 


48 5 




6- 


1-2459 


Syrup of grape sugar . . 






6- 




Sol. of mannite in water • 


insensible 




9- 




Grape juioe • . • . 






6-3 




Apple jiiicf^ .... 


3 33 




6-3 




Sol. of tartaric acid in its own 










weight of water 


8 9 


4- 


6-3 





723. A solution of one part of oommoiL white sugeur in foor parts of water 
was placed in the tiihe so as to form a oolumn seven inches long ; on trans* 
mitting a polarized ray through it, and analjzang the refracted light by an 

eye piece of glass-plates or calcareous spar, placed so as to reflect or fli-^pf^rso 
the ray, if the syrup had been absent, T foimd the following to be the luiU* of 
the transuiilted images at dilTcrent azimuths: 



Asimuth. 


Color of Image. 

• 


0 ... 


Peagreen. 


5.) ... 


Rich blue. 


SO ... 


Very dark purplish violet 


95 ... 


Bright reddish vio let. 


132 


Fine orange. 


200 ... 


Bich deep blue. 



• AMm. de I'Acad. Royale des Sciences de rinsutatf xiii., pp. 39, ITHfpauim, 

29* 
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784 To apply <h» puipwly of circular polarization to e^tabllshinrr distinc- 
tions between c]r>5eW nllied organic products, an t to the clcttdioii ot dilTer- 
eiicc? of molecular arrangement in bodies cxjtgpos ed of the same elements ia 
iv arly similar proportions, it is necessary to detmine what IC. Blot hmM 
i^nned the fin-ce of thMrmOtaikKrniaiim^ This fiwoe is nothing inore than 
s oompontivo oxprettioB of the circularly polarizing powers of bodiofl when 
wduced toan unity of doMitftod thickness; the unity of thickness a^stimed 
hfM. Biot is the millimetre, equal to 0-U3y37, or nearly 0-04 iiu h. 1 he 
formula deduced from these interesting researches is of great value, as atiord:nu 
a simple mode of discovering the molecuUr circularly polarizing, or loiatiug 
fittce, of diiferent organic bodies j the following is its simplest expvsssioo: 

The prc^wiioii of orgaoic matter pieflent in one part of the solntioii 

Specific gJtmty or density of the solatioa b d 

Length of the column of fluid employed = I. 

Arc of rotation observed through red glass =s a. 

Molecular force of cirq^iar polarization n m. . 

a 

The following is an example of the applicetion of this ihtniuda MBC 
Biot and PeisoK digested 400 parts of potato slsieh in a mixture of 160 pMS 
of sttlphoric acid and 1000 of water, and dissolved the sngar thns genemteil 
in water. The following data were obtained: 

Proportions of snccharine matter in solution, Q-210711 ^p-> 

Density of the solution, 1'08391 = d. 

Length of column of fluid employed, 162"" ^ I 

Arc of rotation observed thiongfa fed glass, 80* « « ml 
a 50 

K s 218*92 mm the molecular force of circular polar- 

pd •2X0711x1-08391 

ml 318'92 

izationfor a density of l,and a thickness of 152j consequently-^ = "IsT" 

0 1*44 as the lotating Ibiee of sogsr of slwefa at an miity of density and 

thickness. 

725. The most delicate test of the circular polarizing power of fluids where 
this happens to be too weak to produce any iiiarketl deviation of the planes 
of polarization, consists in examining Uie ray after it has traversed a eolmnn 
of fluid by means of a doubly refracthig crystal of calO'Spar (650). If, at 
any period of its revohitions, the two images should appear differentlj colored, 
it is certain that a rofatoij power is exerted fay the fluid under emmination . 

Elliptic Polarization. 

720. If the difference of the paths of two systems of waves, instead of 
amounting to one-fourth of an undulation (607), is a fractional number, the 
movement which ensues will not be circular, but performed in ellipsis, pro» 
ducing elliptic polarization. This variety of polatized light is obtained by a 
series of reflections fiom metallic surftoea^ difiertng In number aoooidiag le 
the metal employed. 

727* Sir David Brewster discovered, in 1815, the property possessed by 
polished plates of gold and silver of dividing polarized rays by successive re- 
flections into their complementary colors. Reflections from metallic surfaces 
but imperfectly polarize light; thus eight reflections £W>m plates of steel, and 
about 36 fiom those of silver, are required to polarize the light of a wax* 
• candle ten feet distant,* 

* •y^mt David Brewsteran PhU. Trans. 1830, and Pio£ FoweU U PUl. Tmns.l8lfl^ 
toot an account of the phenomena of clliptie polsrization. 



Digitized by Googl 



- If potoriaad light be reflected iVom tnelallio plates parallel ct perpendieidar ' 

to tfiaplaoe of primitive polarization, no particular phenomena occur; when, 
however, the plane of reflection i:? inclined 4 5° to that of incidence, brilliant 
complementary colors are seen in the images, when the reflected light ia 
analyzed by means of a doubly refracting crystal. These colors are pecu- 
liarly beentifiil when the reflecting plate is composed of dWer or gold. 

728. Let a fay of plane-poUHzed light be refleeied ftom a polished steel 
plate at an angle of 75°, and inoKned 45° to the plane of v^eetion, the re- 
flected light will be found to differ materially from the ny befoie ieflectioil| 
as it does not vanish when viewed through a 

tourmaline or other analyzing eye*piece under Fig. 343. 

the same circumstances as it did before reflei)* 
tion fiom the steel plate. It has, in Act, been 
eon verted into elliptically polarized light The 
best test of this kind of light is the modification 
it produces in the rings of calc-spar (G92), when 
viewed in a beam of it, instead of plane-polar- 
ized light; the transmitted light being analyzed 
as nsoal by a toaimaline or other eye piece. 
Under these circumstances the figure shown in 
the margin will be seen, which differs from that 
seen by ordinary polarized light, in the distor- 
tion of the black cross and dislocation of the ring?, as if a film of selenite 
capable of producing a blue tint had been placed across the plate of calc- 
•par. 

The coiiTenkm of the plaiie to the elliptfeally polarized zay may be eflfooted 
by replacing tile reflecting steel plate 'by a thin film of micSi previously liea ted 

T:?d-hot, so as to split it into innumerable laminse. and communicate to it a 
silvery lustre. This discovery we owe to Professor Forbes, of Edinburgh. 

729. The angles at which a ray of plane-polarized light becomes elliptic 
bjr a single reflection from metallic suriaoes, iiBbn with diffi»rent metallia 
•nhslanoet. The Jbllowing are some among a series given by Sir D. Brewster : 

Metal Angle for elUptic polaiisatloa. 



Mercury 78'» 27' 

Specnlcmi metal • • • 76*0 

Steel 9&0 . 

Bismuth 7*45 

Silver 73"0 

Zinc • . . . ' . 72 30 

Jeweler's gold . , . 70 45 



Professor Powell has observed that in general the elliptically polarizing 
power of metals is greatly diminished by oxidation. 

730. This variety of polarized light, when produced by any oddtmmber of 
lefleotions flom snribces of steel, is restorad to a stele of plane polarisation by 
an even number. Thus, a plane-polarized ray becomes elliptic with 1, 3, 5, 
7, reflections? from steel at 75^, and is restored to its primitive state by 2, 4, 6, 
8| similar reflections. 

731. A large number of crystals present difierent colors, according to the 
direction in which light is transmitted through them, constituting dichroism, 
m valiiable sign of double leftaction. An ezoellent example of tifis is met 
widi in the chloride of palladium, which is deep red when viewed in the 
direction of its axis, and vivid green when examined transversely. Similar 
phenomena are observed in the iolite or dichroite, and many other natural and 
artificial substances. When such crystals are placed on the stage of the po* 
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lariscopt*, their colors will be fountl to vary with the inclination of the prin- 
cipal section (^1^1!) to the plane of polarization. The following !i*t conuunt 
some of the resuiu» of Sir David Brewster's researches on this subject: 



Cokm of the Two Iii]agee» when Crystals possessing the Pioperty of 
Dichioisiii we Mibmittecl to Poluized Light. 


x^aiucs. 


Plane of Axis sidiate in the 
plane of polarixatioo. 


Piano nf Axis at right 

A iMr* ina tf^ til A 

Piaue ul Polarizatioa. 


Sapphire 
Eniemkl * 
Bine beryl • 

Rock crystal 
Ametliyst , 
loiirmahiie 
Idioora;^ 
MelUte 

Lilao apatite • 


I. UZriAXfAL CRTSTALS. 

Yellowish greea 
Yellowish green • • 
Bluish white • . • 
White .... 
Blue . . , . 
Greeni.Hb white . . * 
Yellow .... 
Yellow .... 
Bluish .... 


Blue. 

Bhiish green. 
Blae. 

Faint brown. 

Pink. 

Eiuish green* 
Green. 
Bluish green. 
Beddiah winte. 


Topaz, blue 
— green 

pink 

Caynite 
IKchroite . 
EpidoiBi olive^r. . 
— — whitish gr. 


II. BIAXIAL CBT8TAL8. 
White .... 
White .... 
Pink . . ; . 
White .... 
Bine . , • • 
Brown . • . . 
Pinkish white ... 


Blue. 
Green. 
While. 
Blue. 

Yellowisli white. 
Sap^een. 
Yellowish white. 



NOTE. 

In addition to the works on general opties and physics, and the papers dif< 
fused through the Philosophical Transactions, I would especially direct the 

prudent for further information on polarized light to the General View of the 

Undulatory Tiieory, by the Rev. Bnden Powell, 1841, and to the Lecture? on 
Polarized Light, liy Dr. Pareira, ui the second and third volumes of the Phar- 
rnuceutical Jouruui, luid to a paper by Dr. Leeson in the Juuruai of the Che- 
mical Socie^. 



i 
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CHAPTER XXm 
nmscmirrioif ot oricai avparatvb, avb 0f thx iti coitstiiXEi]) as ajt 

OmXM IfrgTBirXBHT. 

Concave mirrors^ 723. JSewton's telescope^ 733. Gregorian and Cassegi'ainian 
tektcoptt^ 734. Sing,U microscvpeSy 73G. Came} a obicura, 737. Megascope^ 

. 728. JPrttmafte cofiMro, 739. jjpZar fmertwcop^, 740. ilfa^'c Imilcni, 741. 
Camera lucida^ 742. Soemmering^B mirror^ 743. WbUaston and Codding' 
ion lenseSj 744. Compound tmcrosrxpet^ 745. WolUulofCn dmbktj 746. jSrhro- 
matic microscope^ 747. Reflecting microscopes, 754. Astronomic fcksrope, 755. 
Galileo's telescope, 756. Structure of the eye, considered as an optical tmiru- 
menty 7£>8. Action of the eye on light^ 759. Structure of the eye in bioer ai»i- 
fftall, 760. Sntf vttion, 76t. Cmtm of timple vision with lino eyes^ 762^ 
^ end vimoHj with an inserted image^ 763. JtdpptaHon of the eye io rf^creitf 
distances^ 764. Duration of impressions on the retmOf 765, «id^d<fatfa(co&ir^ 
766. Intentilrility of the eye to certam colore, 770, 

732. Optical instruments may be divided into tlie catoptric^ including those 
depending upon reflection ; the dioptric^ or those acting by refraction ; and 
iStioae depending on the combination aetion of both effects ; or eata4ioptric ia- 
stromenta. Of optical instruments depending on reflection, tlic various fiumis 
of mirrors already described constitute the most important The common 
looking-glnss, whose theoroti^^al action has been alread}'' explainec? (508), is 
too well known to need description; and the ci nvex mirror, j^c* common an 
oroaineot la large rooms, is chiefly employed on account ol the diminished 
images of objects nrhich it pioduoed, and tbus the whole extent of a landscape 
beoMnes, as it were, compressed into the space of a few square inches. The 
concaTe mirror is a very important instrument, and, besides its application to 
science, it forms one of the most valuable resources of charlatans and jugglers, 
on account of the [ ovver it possesses of forming in the air an image of any 
object placed beyond its principal ibcus (557). Thus» if any object, as a 
dagger, strongly illuminated, be held towards a ooncftve mirror, an image of 
It will be ibrmed nearly in the conjugate fiioa6,so Yividly and perfectly painted 
in the air. that the person who holds the dagger can scarcely believe that the 
weapon which advances to meet him, is but a spectral image of the one with 
which he is arjnf^d. 

733. The most important application of concave reflectors is to the con- 
struction of telescopes, in wliich tlie image of a distant object, as one of the 
celestial bodies, is ibrmed in the principal focus of a concaTe mirror, and 
magnified by means of convex lenses (602). The simplest reflecting tele- 
Boope is that constructed by Newton in 1666. This consists of a concaTe 
parabolic (001) metallic refleetor ab, 

fixed at the end of a lube cde. A Fig. 344. 

small plane mirror (509), inclined at 
4 5°, or, still better, a rectangular prism 
», is fixed in the tube, between the 
speculum ab and the image ibrmed 
in its focus. The image thus becomes 
reflected towards the opening in the 
side of the tulx», where it is viewed 
through a coo vex lens for the purpo;»e 
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of inagmfying it* The advantage of a prism over a piano minor, for the 
purpose of ie6eeiiDg the image of the distant object towards p, is SDfficieotlj 
obvious; ibr, by iMternal reflection (585) from the beck of the prism, near^ 

all the rays are reflected to the eye ; whereas, if a p!nne metallic specultira 
were substituted, aJx>Mt furty five out of every liuiulrerl mys would be lost 
(.*>67), from the nn<InIaUoas prothicirifr ihein being checked on reaching the 
surface of the mcuil. For the purpose of preventing spherical aberratioa 
(1303) from interfering with the distinctness of the images, Newton placed, 
between the eye and the convex lens> a plate of metal, pierced with a small 
hole, dirough which he viewed the object. 

734. T!ic GrcL'orinn reflectini! telescope was invented in 1^00, by Dr. Gre- 
gory, but not uctuuily constructed until some years suljsciiufnt to Newton's. 
In this instrument, the inconvenience of mking a lateral view is avoided. It 
consists of a concave speculum fixed in a tube, but pieiced in the centre with 
a hole, through which, by means of a lens, or a combination of lenses, the 
image of the ohj^t is viewed. The tays fiirming the imege of the object in 
Dr. Gregory's telescope are incident on a small concave mirror, and form a 
fresh image, which is viewrxl tlirough the aperture in tlje centre of ihe 
large speculum. The observer, in using this telescope, is placed in a line 
witli the object; whilst, in Newton'^ he is at right angles to it. 

735. When a convex mirror is substituted for the small concave one in Be. 
Gregory's instrument, wa have the Gsssegiainian telescope. In this, the image 
is more distinct than in any other construction, as but one image is formed ; 
and as one speculum is concave and the other convex, tbey have a Wad&ief 
to correct each other s spherical aberration. 

73G. The number of optical instruments in which light is refracted is 
- abnost infinite, including all varietiee of simple and compound micioeoopes, 
relVacting teleaDopes, && The single microscope consists only of a lens, with 
a focal length varying according to the amplifying power required ((503). 
Small spheres of glass, made by fusing a filament of glass into globules, are 
frequently einployf'd ; their action up<jn light, anil ma;;nifyiDg power, will be 
' readily understood from the remarks already made (591). 

737. If, inst^d of permitting tlie image to be painted on the retina of the 
eye, it be received on a scnreMi, we have a camen bbscum, or solar microsoope, 
according to the arrangement employed. If a convex lens be fixed in a hole 
made in one end of a box, a little longer than tlie focal length of the fonner, 
painted with sorne black pigment, for the purpose of absorbing all extraneous 
light, the image of a I;in!l>» ape, to which the lens is presented, will be beau- 
tifully and vividly paintetl, m an inverted direction, on a sheet of paper fixed 
at the end of the box opposite to the lens. &»netimes, instead of receiving 

the image on a slieet of paper, it is re- 
Fig. 345. fleeted by a plane mirror, a, placed at 

an angle of 45° towards tlie upper 
part of the box. n slieet of white paper, 
or piece of ground glass, b, being there 
placed to receive it. 

In this mode the image appean 
erect, and inverted only as regards the 
right or leA portfont,aiid is usually pre- 
ferred for the purpose of sketching 
distant views. As the lateral portions 
of the picture are indistinct from spherical aberration, a meniscus lens is pre* 

^ Nswion, Optiee, Lib. t prop. S, prob. 9L 

N 

'•1 ^ 
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Iferable to any otWr form of convex glass, for die pOipOee Of ledtHSing this 
eerions source of incorrectness to a minim um. 

738. If auy srnail object, strongly iUnmmatefljbe placed nnt«ide of a camera 
olisoiim, Bod^a little beyond the principal locus of the lens (5i>4), an image of 
the object will be beaatiiully depicted on the paper screen at the end of the 
1k>x. An instrument tfactt amnged is tetxned a Megaacope, 

739. The best form of camera obecura is that in which internal (58«V) in- 
stead of specular reflection is employed, to pr^-vent the loss of tight attendant 
on the latter. The box is then made of a pyramidal form abcd, and a rec- 
tangular prism, having one of its faces a convex, and. another b ooocave, is 
plaoed over an apertuie in the top of the box. 

The lays item a distant dbjeet will be made Hg. 346. 

to converge after impinging on the convex 
sarface a, and being reflected in the interior ■ ■ 

of the prism, will pass into the box, and 
paint the image on a sheet of paper placed 
at the faoiaom 09 to receive it The picture 
thns obiained is eactremely vivid, trom the 
peilbct reflection of rays fttrni the back of 
the prism, and from the spherical aberration 
being to a great extent counteracted by the 
concave face of the prism. As these meniscus 
prisms are di£&cult to procure, they may be c 
Tecy advanlageonsly replaced by a reofan- 

Kttlar pfism having a planoeonvez and a ptauKHSoncave lens, of proper Ibcal 

length, cemented by Canada balsam on two of its faces, as shown at 

7 10. When a vivid beam of \{^ht, bef:>rc bein^^ made to diverge by refrac- 
tion thrrugh a lens, passes through a small transpar(mt V>r}dy placed before it, 
an enlarged image of the object will be painted on a screen placed at a proper 
diatanee behaid tlie lens. This is the principle of the solar microscope. The 
ahopiest ibnn of this instnnnent oonrisis of a pyramidal box abcd, furnished 
with a door at £, like a camera obscura (739), 
Tlie solar rays falling directly, or reflected by a Fig. 347, 

common looking-giass on a plane mirror r, are 
reflected to the plano-convex lens o, where they 
undergo refraction, aiid lull on an object placed 
at K, nearly in the principal Ibcns (593) of a. 
The light then passes thraogh two planoKSonTex 
lenses, each of about half an inch Iboal leogdi, 
at L, movable by menns of mckwork at nr, 
ibrming a widely divergini^ Ijtam, paints an 
enormously magnified image of the object a 
the bottom of tlie box, where it may be viewed 
through the door b. To prevent, as much 
as possible, spherical aberration (603), a dia* 
phragm of metal, pierced with a small ho]e» 
should be placed between the two lenses nt l. 

^ If the mirror r be removed, and the direct light of an Ar^r^nr] lamp he in- 
cident on G, we have the iucernal; and if the Ught of mixed oxygen and 
hydrogen gases he employed, we have the oxy-hydrogen microscope. 

741. The magio tantem diifers soaroely at aU in principle ffom the three 
last described instrumenta The light of a htmp, plaoed in a tin or wooden 
box, is reflect© 1 by means of a concave mirror, or condensed by a lens, on 
flguxes paiuied in vivid Iranspacent colors on slides of glass; tAe light then 
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it COOTCrted into a largf* diverpring beam by retraction throiiph two a>iivpx 
!en?es placed near the objects, ancicapable, by a sliding tube, oi being ad jusied 
to "uch a distance as to cauae the irna^je, wben received on a white opaque 
screen, to be as vivid and diatinetMpoMibl©; the tnagic^iaiitem being aodiMK 
more then a luomel mioiowope of tow tnagnitying power. If the screea 
OD which tiie object is painted be trasflparent, and the spectator be placed 
behind h, the image will, in a dark room, appear to be painted Qtecue-Uke 
in the air, constituting the we!!-known phantasmagoria. 

742. A very valiml^le instrument, termed the camera iucida, for taking 
^rawines of landscape kc^ depending upon internal lefleotioor '^"^ 

^ trivid byDr. Wolhurton, in i807. Tbtsoiniiili 

Fig. 348. of a quadrangular prism, the ani^ B being 9(P, 

D 67*5**, and c 135°. Rays i*a, evolved from 
any distant object, will, after mcidence on rt*. 
be reflected in the interior of the glass to ca, 
and thence to the eye placed above th e ingle a. 
r And as all objecti a]»pear to be plaeed in the 

N \ I direction of the rays wfaioh eventnaUf reach 

the eye, the image will appear tn be painted 
on a screen or sheet of paper at gh ; and if a 
perforated piece of metal be placed on ab, so 
that one*half only of tiie aperture be over the 
an^ A, the niage and paper will both be via- 
ble to the eye phMsed o?er the aperttKe; and a 
sketch of the object may thus be taken with ex* 
trenie aocnnH^, hgr simply eopying the ootlinesnf thefignie seen depicted 
on OH. 

743. A very excellent instrument, advantageously replacing the cameia 
lucida, especially in making microaoopic drawings, is the minor of So an me i^ 
ing. This consists of a small found specnlnm of steei,alKNit onelbBrth of an 
inch in diameter. This being fixed befoie die eye<8lBSS of a microscope al 
an angle of 45® with the axis of the instrument, a person looking into it (the 
body of the microscope bein^f nrrnnged horizontally) will see the imai^e of any 
object placed on the stage reiiected on the table. At the same time, from th© 
sinali size of the mirror, the surrounding objects are visible, and thus, with a 
little management, the outlines, of the image can be easily tiaoed wilh « 
pendL 

744. When simple lenses aie nsedftf single microscopes) it is important to 

diminish spherical aberratk>n as much pos^'iblp, by permitting only those 
rays which pass near the centre of the glass lo reach the eye. This may. to 
a p^rpat extent, be effected by Dr. Wollaston s method, by placing between two 
planoKx>nvex lenses, a piece of metal perforated in the <»ntre. A better mods 
of obtaining the aame effect is by grinding away the equatexrial poctioDS of a 
spherical lens, as in the weU*known Coddington lens, whidi is the most psf 
feet of any bhherto constructed. 

745. Mi« roscopes composed of two, or several lense?, are termed compound, 
Bncl are jut fcrred to tlie simple instrument, from their larger field of view, 
and their not, wlien properly constructed, fatiguing the eye so much as those 
composed of but one lens of very short fooal distance. In these miotoscopes, 
a magnified image of an object is Ibrmed, by allowing the mys passing thmogb, 
Of reflected Aom it, to be refracted thiongh a lens of short fooal distance; the 
image thus produced is viewed by a second len? of mfich lower magnifying 
power. Thusy in the compound microscope, we examine the magnified imsga 
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of the object, whilst in the single instrament dl6 IM^piillid 
object itself is seen ; and hence the former requires excessive 
care in their construction, to ensure an accurate and perfect 
image. If abc be a tube of brass, blackened inside to absorb 
tipw fl naw light, and pioTided with a himU tons «t e, an ob- 
ject plaoed initi ibeasat v stionglfillitiiiiiiatedybjrHghtfelleeU 
ed from a roinror placed below it, wiH Imva an image of it 
formed in the focus of the eye glass a at/, and maybe viewed 
through A, by which the diverging rays are made to enter the 
eye in a parallel direction. Fop the purpose of increasing the 
field of view, a third lens b is oflen introduced j this causes 
tiw diveigiog lajstoing tolbmi thelmaga to diverge ftill 
and a larger iimigB, as shown by the dotted lines, is finrmed at 
y. The distance at which the object-glass c is from the eye* 
glass A mast always exceed the sums of their focal lengths. 

746. The most valuable microscope for a certain class of ' ' 
objects, on account of the great distinctness of the image, is the 
doDbtot of Jk. WoIlaBloiL Tbia oooaiatB of two small plano-convex lenses, 
Whose Iboal lengths are as 1 to 3 fixed in the bnus onps the least oonvax 
lens being nearest the eye. The brass tnbe B is abont 
six irKshes long, furnished below with a plane mirror at 




a circular aperture is made in a piece of brass placed 



Fig. 390. 




above it, through which the light reflected from r passes 
to undergo refhustion through the convex lens jt, so as 
to ftrm a dMnot etitotar itnage of the apertnre at tha 
distance of abont 08 inch from a. The object to be ex- 
amined is placed on a slip of glass on pf, and the lenses 
in A are adjusted by means of a screw at s. By this in- 
strument, the most delicate markings and finest striae 
on very minute objects, are clearly and distinctly seen. 

Ill all ocdinaxjr mieiosoqies, the oentia and edges of 
Ibe magnified image are neter eqaatljr disfinet^ fiom 
the spherical ahetration of the lenses (608). To lemedf 
this, diaphragms perforated in the centre are placed in 
the body of the microscope, to exclude those rays which 
are refracted from the edges of the lenees. Menisci 
(590), or the compound lenses contrived by Sir John 
Henehel, may be nsad Ibr eye-glasses, so as to prevent this abermtion fiom 
interfering with file distinctness of the image. 

747 We have seen that if a doubly convex lens be cemented bj means 
of Canada balsam to a plano-concave lens (628), so that a convex surface of 
the former will accurately fit into the concavity of the latter, it is obvious that 
a compound plano-convex lens will result, whose magnifying power will be 
aqnal lo d»t of the donbly oonveat lens, mimiyhe diminishing power of the 
p1ano<ooneave nsed in itseonstmcdon. In soeh a eompomd lens, no advan- 
tage would be gahiedovera simple pleno^onvex lens of the same curvature, so 
long as the plano-concave anrl doubly convex glasses were composed of me- 
dia possessing the same dispersive powers (519). We have already learnt, 
that different varieties of glass possess very difierent intensities, with regard 
to the resolution of light into colored rays; if, therefore, the plano-concave lens 
be of flint glass and &e doubly convex of erawn«gtess, a oompound lens will 
VBsnlt, in which the magnifying power wlH be less than the doubly convmt 
Imis faf itself, but which will possess the superior advantage of giving an 
image nearly free from marginal fKnges of the prismatic colors, providing 
ihe curvatures of the oonsUtuent lens have been properly adjusted. ' 
30 



A compound achromatic lens thus constructed forms an excellent object- 
glass for a compound microscope, giving a nearly colorless image of the object, 
which will bear a higher magnifying power in liie eye-gla* tban any object 
finmed hf wn <Kdkmtj lens of eqyel final length. 

748. Ab it b a matter of great practical di£Bca]ty to balance the diromatio 
m yi spherical (fiOT) aberrations perfectly in a single pair of lenses, immenae 
advantage is gained by the combination of two or three pairs, in which the 
aberrations of each are mutually balanced. Object glasses constructed on this 
principle have, in the experienced hands of Messrs. Hngh PoweU, Andrew 
Bofls, and Smith, bain tafelf brought to an amount of perftolion whioli could 

seaioelf have been antifl^P**^ 

Among other advantagae fnetented by an achromatic object-glass, is the fine 
illuminations of the image, arising from the larger pencil of rays which can 
be admitted into the body of the instrument. This may be readily understood 
by a reference to what has been already stated with regard to the use of dia- 
phragms or stops, in the structure of optioal instnnnenlii These am petfi^ 
rated pieoesof melalsoplaoedastoeutoffthenioieeztenalrayaof a peocfl 
paMing through a lens» and thai permitting only the central lays to teach the 
eye; and in tliis manner mnny of the aberrations of a lens are practically 
reduced to a minimum, at the expense, of course, of a vast loss of lighL 
The achromatic construction, by allow ing the transmission of a larger pencil 
of rayS| enables us to use high magnifying powers with a perfeotioQ of iilami- 
Bation preTicNMljr unknown*^ 

749. 80 delicately are the abettaiions of a well made achromatic c^jeol- 
glass >«^f»iwMMl, that the simple examination of an object oorered with a piece 
of glass or mica, is sufficient to interfere with the perfection of the image. 
It must be borne in mind, that the constituent lenses of an object-glass are 
arranged for the examination of naked or uxKX)vered objects, and as we have 
■een that the interposition of a panUel relkaoting medinm aftots Ihe aaRlsa 
of divergenoe and eonTefanee of transmitted lajrs (492), it is obviona thai 
lensssi if adjusted for the eiamination of naked objects, will require some 
COneotioni if a platSi however thin, of a refracting medium be interposed. 

This effect is of course only practically perceptible 
when object-glasses of high power are employed; 
and we are indebted to the ingenuity of Mr. Amlrew 
Bom Ibr a knowledge of the mode of eoi i ee ilug it. 
The objeetf^Iasses constrooted with this improvement 
are eonnected with a piece of mechanism shown in 
the marginal figure. The two posterior achromatic 
lenses are fixed in the end of the tube a. Upon this 
slides a cylinder aa, carrying at the end the third or 
anterior lensi whish bjr mrning the screwed ring cc, 
may be appKHtifnated to, or separated ftom, the oihsr 
two l^ses. The pmper distance for the adjnsmisnl 
of these lenses for uncovered objects is known by a 
line marked on the tube A, coinciding with one 00 
the tube B ; and, when objects are examined whjch 
are covered with glass or immersed in a fluid, the 
•V distance of the third lens fW>m the other two isaltsnd 

hf turning the ring cc, until a perfect definition of the olgeot Is fHnlfWMl 

750. The image of an object thosibrmed by the achromatic oomfaination of 
lenses is examined through eye pieces of different magnifying powers. The?© 
are variously constructed, but the most approved are the Huyghenian,conM5t- 
ing of two lenses, xx, and rr, (fig. 352,) each being plano-convex with their con- 
Teadtles in the same diveotion. mm is termed the eye glass, and ir the fleld glass, 




k)u,^ jd by Googl 



ADBftOKATXC MICROSCOPRf* 



351 



ibr reaaont alnadjr pointed oat • A peifbrated slop or Fig. Sflft. 
<liapliragm is placed at bb, to cut off the extreme rayi 
that might interfere with the perfection of the image. 

751. All that is essential to the construction of a per- 
fect microscope is, then, a good achromatic combination 
of lenses to form an image of an object, and a well-made 
eye-pieoe to magniiy this image. The difltaneestwlikli 
tlie ot^jeetglasi and eye-pieoe nn placed, most alwaja 
exceed the sum of their req^eotlve.lboal leagthi. It is 
obvious that the magnifying power of a microscope can 
"be increased in two modes, by increasing the magnifying 
power of the object-glass, and thus form a larger image of 
the objeet, or by examining this image with a deeper eye- 
SIbm 0- o* one of hi^er magnifying power), llie first mode Is mdoubtedljr 
€bi& most accurate, as by the second we mfeignify any errors which may exist 
in the image formed by the object-glass, as well as the image itself. Still, 
with good and trustworthy object-glasses, we may ofVen conveniently examine 
tbe image with different eye-pieces, and thus avoid the necessity of altering 
the position of the object or removing the object-glass. Accordingly, some of 




Fig. 353. 
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coQiigMiitil mkKMopM, BB «iow made by ObeMaaer, are provided with 
a seriet of tlx efe^pSflMt of dUferent magnifying powMW» fngtiib nki^ 

•oopes have, however, seWim more ilian two or three. 

752. The mechanical a rrangemeuts of a microscope are scarcely of leM 
importaiir e t!.an the perfection of lenses. As a general rule, that form of »iq>- 
port wiiich combines tlie greatest firnniwis with the iDoet facili^ the aeeee- 
sary admttment, is to be piefened. Tlie*ela«e should elwigrebe afixture, and 
the adjustneiits effected by moving the body of the instrument. Many forms 
of support for the optical part of the microscope have been constructed by 
Prichard, Ross, Smith, and Powell, in this country, and each has, probably, 
its pccnlinr rc( omniendationa. I consider, however, that for a really workiug 
instrument, capable of being applied to any purpose for whieh a tnlcrasoqpe 
can be employed, the one constmcted by Mr. IV>weII, and fignied m the pie- 
oeding page, is probably the best ^ „ 

The whole instrument is supported on a double pillar resting on a firm 
trianj^iilar foot The cylinflpr, in the lower end of which is screwed the 
objec't-glaas, with its fine a djustment a, moves on a firm support i by meaos 
of rollers, so that by luuang the milled head a, it may be placed within any 
required distance of the stage. The latter eoonsts of a lower portiOD a, fixed 
to the support of the instrument, and provided intemaliy with a pinioii and 
iofew, so that the upper plate k of the stage can be moved in any direction, 
by turning the heads of the screw u. The upper portion of the stajre is yno- 
vided at h with a sprinf? "^tide, to grasp tlie plate of glass holding the obj-> : 
under examination, and has, moreover, a rotatory motion by which the iatU;i 
may be placed in any required position. 

The object, if viewed by transmitted Kght, is illuminated by means of a 
imnor e, the li^t being, when required, oondenseil by means of an achromatic 
lens fixed at the end -of the tube s. So that the objeet is ilkTminntcd by 
colorless light, as well as being examined by lenses, which if properly ad- 
justed, do not generate false colors, and thus the magnified image produced is 
as perfect as possible. • ■ 

753. The linear magnifying powerof these instruments is of oomse limited 
only by the fooal length and aooumte adjustment of the object-glass with re- 
gard to cbmmatic and spherical aberration. In thepraetical application of the 
microscope it should, however, never be forgotten, that the Jmcest pmrer irifA 
which an obfect can be (HUinctly defined and examined is always to be prtjent^. 
The following table contains the different magnilying powers obtained witii 
different eye-pieces and object-glasses, in Mr. Powdl's microsoope. 



Focal length of object- 7 
g)asS| in inehes • . 5 


1 

115 






i 


1 


i 


First eye-piece . • • . 


700 


330 


170 


75 


40 


20 




1400 


660 


150 




80 


80 






ddOO 


1200 


600 


260 


140 

1 





754. Reflecting microscopes, on the saine principal as Newton's telescope 
(733), have been constructed by Professor Amid of Modena, and otbets. In 
these instruments, the object is plaeed in one Ibeiis of a small and finely 
polished eilipsoidBl speeolum, and its image* fornMd in the other iboas is e» 
amined by means of a magniiyingeye-pieoe^ eonslsting of one or more lenaes. 
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755. The rvllMtag telefoope wm foTMad In tfie diirlMMh ooMmr, al> 

tliouf^h the discovery appears to have been nearly km until iIm ■Sx*MntlL 
The simplest telescope is that employed for astronomical purposes, and con- 
siits of a (xmvex lens of long f(3cnl distance fixed at one end of a tube, and 
exposed to the object, the image of which, when ibrmed in the focns of the 
lens,!* «i»iiiiied bgra seoond oonw kns, or eye-glait, of ahoner focus. These 
IsBses should, for difllMit objeeti^ be pboed at a dlilum Horn «Mh <Nli6r,coi^ 
re9pK>nding to the sum of their focal lengths. In the following figun^ au is the 
otiiecti laii^ and en, wliich miul alwajn be of tboiter Ibooii ilie Tiyrglww,nnd 

Fig. 3^. 




ptened^if the focus of the fcnrmer were eight, and that of the latter, two inche% 
«t«mqtnBlditiaMori0D inohM. ToaeoommodaitllikiaalriiniMitloobf^ 
at different diMMioei; the eyeglass is usually fixed ia a tnbe which sl^las 

within that containing the object^lass, and thus permits a ready adjustment 
of the instnimcnts. In this telescope, the object appears inverted from the 
intersection of tiie rays by refraction, and iience its use ia extremely limited. 
An erect image may be obtained by adding two other convex lensea behind 
cn, and of tiie sune iboal length, but a loss of light is neosswtily prodaood faf 
Untrvse. flyhwiesl afaswationway bo ptws m e d ai maoli as p oti si Ma, by tha 
same m ea n s as in the oese of oompoand nierassopea 

The magnifying power of these telescopes is found bj di?iding tbo IbOid 
length of the object-glass by that of tlie eye-t^lass. 

766. If a concave eyeglass be subsututed for the lens cs in the last described 
instrument, we have the GalilsBan telescope, which exhibits objects in an erect 
pontioa and with vety greet dee mess. The lenses in this instrament ere 
plaoed at a moiael disime^ equal to the ^Sfftrttux of their focal lengths, and 
hence telescopes on this construction are much shorter than in those in which 
both lenses are convex. The magnifying power of this telescope is found by 
the same mtoas that already given for the astronomical telescope. From the 
smallness of its iieid it is ciiietLy limited to the construction of opera-glasses. 

757. HsTing renewed dia thoonHiaBl ooostniotion of some of the niost 
important instnanents used finr optksal inTestigBtions, the itadent will be ena* 
Mad, fiom dm preceding ofaser^tions^ to nndwfsieiid the mode in whioh the 
eye acts upon light so as to prepare it for communicating to the sensorium 
the images of objects by which we are surrounded, and tlius develop the sense 
of sight The following observations, it must be borne in mind, apply only to 
the eye, considered as an optical instrument of the most perfoot Idnd, and 
naeoaaeeled with the physiologicel relations of tiie subject, except sneh as an 
essential to a knowledge of the pfaysioel aocioa of the organ of vision. Tho 
following figure represents a transverse section of the Icfl eye (human), made 
by passing a plane through it, parallel to the opening of the eyelids. The 
form of the eye ia nearly spherical, fonr-fiflths of its circumference ABA being 
nearly circular, the remaining hfth a a constituting the transparent portion, 
being moraaonvext and IbtmingaoofraofaleMer sphere. AAsrvemoviogtha 
iBBiskeatnwIted to tbe eyeball, the most salmial coat bseoases visible. TUa 
is a fongb, pearty,opaque memlmuM^teiiiied tiia scWic coat, extendingfrom 
iIm eaoaaeo of the opjk: aim a, on the iiSMl side of the optic axis ca 10 AA» 
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where it terminnte?* in a circular opening, fiumished at its margin with a 
grooved edge, intij w hich ills tfio transparent cornea, in the same inaxuier as a 
watch-gliuMi liti iuiu ihe grooved cucuiar ()iece ui metal made to receive it. 

The oornea is «s tnuaiwreDt as glM* 
Fig, 355b ^ aboQtoiks4hivdof a line i&tfaickp 

ness. A delicate muoons membrazi^ 
termed the conjundwa^ is expantJetl over 
the cornea and sclerotic, and thence re- 
flected to the inner suriace of the ej&- 

jD ^ ^ lids. Lining the sclerotiB eoat is tbe 

dmrmd membcane extending Stoai % ta 
the anterior part of the eye oomjgooos 
to the margin of the rornea. where it 
terminates in the riliary liqamcfit. con- 
stituting a bond of union between die 
choroid, sclerotic, and iris. The ciioroid being here thrown into a number of 
puckered Iblds, the interior snrlhoes of which, as well as of the whole extant 
of the membtane, are covered wHh a black pigment. The optic nenre e 
enters the eye on the nasal side of the optic axis, and expands into a third 
ooat termed the rettMo, which passes towards the anterior part of the eye, and 
terminates in a well defined edge. The retina is the menibrane upon which 
the images formed by the refracting structures of the eye become painted: it 
is preventsd faeooming stained by the black pigment with which the choroid 
is imbnsd, bf a delieale iateriFiouig transparent donUe membrane, tanned 
JaoQb*s membiane. 

A delicate fibrous irritable structure, named from its various colors ihe iris, 
is suspended vertically from llio ciliary ligamrnt tiaving in the centre ao aper* 
ture, termed the pupil, which is capable oi ix;coming enlarged or dnnnu^hed 
involuntarily, tmder the stimulus of light The iiis is shown in the section 
at fi ; the tpftco between it and the cornea Is termed the anterior chamber of 
tlie eye, and is filled with a fluid known as the aqueous hnmot. Behind 
the iris is suspended in a capsule a transparent double convex lens I, whose 
posterior is greater than it;* anterior convexity: this is termed the crystaline 
lens. The reinainiii^ poruun of the bull of the eye is filled up by a refract- 
ing structure leruied the vitreous humor, in tiic anterior portions of which 
|he lens Zi is imbedded: this Isnadeup of a fluid onnmined in the oonvoiuted 
fclds of a tiansparent hyaloid membrane. The total length of the eye, aloqg 
the optic axis cd, is about 6 91 of an inch. 

758. From the investigations of Sir Dnvid Brewster, the following are the 
refractive indices (581) of the diflerent rt ii acting structures of the eye, when 
light is incideiu upon theui irora an, or jroni each other: 

Ref. Index for light, p?^<:«m^ from air into the aqueous humor l-Sr^eS 

Ref. Index lor light, passujg from air into the vitr^us humor 1*3394 

Mean ref. Index for light, passing from air inld the crvstaline } - 

lens J v^S39 

Mean ref. Index for ligbt, passing flom the aqueous hmnor tQ > , 
the crystaline lens J 

Menn ref Index for light, passhig from the vitreous hunior to ) i^««o 
the crysiahne lens J I'UJJJ 

Rays of light, on impit^ag npon the eye, are refracted through the tians> 
parent cornea, those incident on the sclerotic being reflected. The cornea 

may be regarded as constituting die anterior surface of a meniscus lens, of 
which the puiiturior surlace is Ibraied by the capsule of the crystaline kn% 
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the aqueous humor forming the refracting medium of ibis fluid refVactor. The 

rays of bVht which thus tend to be refracted to a foori?, pass through the pypil- 
lary opening of the iri?, those passing too near the margin of the lens formed 
^ by the anterior chamber^ being reflected or absorbed: the iris, answering the 
purpose of the peifoiaied diaphragms (746) in micronqpes and telescopes, 
wad being capable of wying its apartine, poiieiaes advanlagea altogether un- 
attainable in metallic diaphragms. The pencil of nys having passed through 
the fluid meniscus, impinges on the crystaline lens, and becomes considerably 
refracted ; this refraction being increased by the action of the vitreons humor, 
the last medium into which it passes; and ilnally pninis upon iho retina an 
inverted imago of the object, from which tiiu iumiuous undulutiun producing 
the rays were propagated. All nys whioh aie reflected in the interior of the 
eye, or pass too obliquely for distinct vision, have their undnlatioas checked 
by the black pigment with whioh the choroid coat and its folds are imbued. 

1^)9. The refracting structures of the eye thus act upon light, and produce 
an image of any object upon the if tma in the same manner as a convex lens 
does (099), with the advantage of increased clearness of the picture from 
Ihe afaaenoe of spheiioal aberration (603), produced by the carved form of the 
xetina, and by the structure of the crystaline lens; the reftactive power of its 
centre being greater than that of its sarface, in the ratio of 1'3990 to 1'3767. 
This diminution of aberration is also assisted by the pupil, which acts in the 
same manner in preventing spherical aberration, by beintr placed between the 
fluid meniscus and the crystaline convex lens, os does ilie perforated dia- 
phragm in Dr. Wollaston's, or ilie excavated sines in Coddington^s lenses (744). 
Chromatic abenation (628) is, donbdess, to a certain extent, compensated in 
the eye, by the diSereat dispendye powers (616) of its several structures; 
although this organ is by no means perfectly achromatic, as may be shown by 
the spectral eolors observed fringing minute bodies held near the eye. Nor 
is this achromatic slate necessary for the perfection of vision, as the deviation 
of the different colored rays is too slight to produce any degree of indI5Unc^ 

760. The eye in all wann<blooded animals is formed upon the type of that 

of man, with the ocoarionai addition of supplementary portions, better fitting 

^le organ for the performance of vision in the particular animal. In fishes, 
residing in a meflium of nearly the same refractive index as tlic aqueous 
humor, the latter fluid becomes useless, and is replaced by a vis -id secretion 
of greater refractive power. The crystaline lens is, in these aiuinais, nearly 
spherical, and placed dose behind the cornea, and the Iris which Is close to 
the latter is undilatable. In insecu the eye is veiy 9imple» consisting of a 
lenticular cornea, placed in front of a nervous expansion. 

7G1. Although it is demonstrable that images^ of external objects are formed 
upon the retina, it has been doubted by some whetlier the latter membrane 
is the seat of vision, as in certain species of cuttle-flsh an opaque membrane 
is £>und between the vitreous humor and retina. The chomid coat and yitre- 
cns humor have each been supposed to be the true seat of vision. It is a 
canons fiet, that the point where the optic nerve eaters the eye is absolutely 
incapable of distinct vision, and if the imag:e of any object falls upon it, it 
cea-^es to be visible. This may be shown by placing three wafers on tlie 
table, about two inches distant from each other, and having closed one eye, 
look at the outside water on the same side as the closed eye: at the distance 
of aboDt eight or ten inches ftom it» the two outer wafers will be distinctly 
■een, whilst the middle one will be quite invisible. It appears from this eac- 
periment, that if vision really depends upon some vibratory movement ex- 
cited in the membrane, on whieh the images of objects become depicted, the 
reason why the base of the ogtic nerve is insensible is, that it is too dense to 
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municated to it 

7t'>^. When an object is viewed with ]yo\h eyes in a healthy person, U ap- 
pears single, whilst it is obvious that a distinct image is painted upon mmA 
retina. This is readily explained by thm flMI, thftt tke two fatM y ly ing «x« 
«sdj in ifae d i ieolioo of ilie optio aids, oyeil^p wh {Khar, and irirtnalljr p*o» 
dttoe bat one image. If one eye be piuihed out of the optic axis, these images 
an aopwaiad, and thel^ at ia the OMOT iqoiii^ 
Amble. 

763. Many ingenious arguments have been used to explain why obje ct3 
appe£ur erect, whilst their images painted upon die redlia aie in^ aKted y 
although a little laieoto Oft this dieamMMmx^^ dwt aiMli 

mart iieoeaMffilroooar,f)nm die law, that all cdijeeisap tobenlaeed is 

the direction pursued by die imys which eventually reanh the eye. If i a bo 
an object from which the rays fol!o\vin<T the fiirection of tha hnes shown in 
the figure pass into the eye, they become refracted towards the retina, and 
paint upon it the image cd. Then if the retina be supposed to be the seat of 
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vision, the impression commnnic-atcd by it to the sonsorium is tliat of an eroct 
object; for the part s of the image will appear to be placed in the direction 
of the rays da, and the upper part e will appear to oORespond widi the lower 
part » of the objeotp wtiieh wilt appear to bo rftoaie in dM dirsotkm of tfa« 
lays CB. Coosecpiently, although the image paiated npon the retina Is teallf 
inverted, it conveys to the mind the sensation of an erect object. 

7r>4. The really most marvelous subject connected with the eye, as an 
optical instrument, is its power of adapting itself to various distances ; lor it 
is well known, that in viewing objects through a telescope, the distance of 
lenses from eodi odier in the latter, roqiaifss to be altered If drnwing oat or 
dimsdiig in die slides of the telesoope^ whereas the eye appears intnidveljr 
to acc^mmor!ate itself to the various distances at which objects happen to be 
placed. Whether this is effected by an alteration in the form of the entire 
eye by the action of its muscles, or of the crystaline lens only, appears to be 
a matter of doubt; the alteration in the pupillary opening could only very 
slightly assist in obtaining diis end, wdess this Isaoooo&panied, as is v«rfpn>» 
bsible, by a pardal disptaeement of the oiystaline lens. 

765. The impression of an object npon dm redna lasts fyt an apprecl^le 
time afler the former is withf?rnwn, and hence the eye maybe rapidly clo<;ecl 
and opened without losing sight of an object If a burning coal or red-hot bar 
be made to revolve so rapidly, that the whole revolution may be completed 
in about an entire luminous circle is produced. The impression thus 
Yividly eaeited upon the letiiia appears to continae about one-smnth part of 
a second of time. 

766. It has been shown that the undulations of white light maybe resolved 

into two sets, producing upon the retina different colors complementar}' to 
each other, or which, when striiung the eye lotgether, will pioduce the senaa- 
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minated, Ibx some seeonds, and then suddenly tarns the eye to a white soriaca 
near it, a spectral image of the wafer, but of a green color, will become visi- 
ble. If the wafer be yellow, and placed on a black surface, the spectral 
image will be deep violet when viewed on a white ground j in the same 
manner a wUto wafer is attended hj its blaok speotral figure. Thm wutias, 
or other eolored objecli, produoe apectia of colon oomplementary to their own. 
The complementary tints thus produced aretenned accidental colors, and may 
be found by reference to Newton's experiments on thin plates, the reflected 
and transmitted tints being complementary to each other (614). 

767. The most complete moile of demonstrating tliis color is the following^ 
fiyr which I am indebted to Mr. Cowper of King's College. Cut in a piece 
efoMd bond a seriee of holesi to that when folded tofether 
they will exactly correepoiKl; the whole resemblins open fSg. 357, 
lattice-work. Provide some sheets of thin tissue-paper of 
various colors, selecting those presenting strongly defined 
tints. Place one of these between the folds of the card- 
board and hold it up to a vivid light, keeping the eye fixed 
on the lattioe-work whilst the lic^t penetrates the ookued 
paper. In a few seconds the white color of the paste- 
hoaid will vanish aiid be replaced by a strongly-marked 
tint complementary to that of the paper placed in it. Thus 
with yellow paper the frame-work will appear violet, with 
blue it will be orange, and with red it will be green. The illusion is so com- 
plete that it always exoitas surprise in those who see it Ibr the first tinie. 

768r These ■eeidemai tints have been explained by Sir Bavid Brewster, 
in the following manner : — The eye being strongly excited by gazing on a 
colored horly, as a red wafer, becomes partially paralyzed to the action of un- 
dulations producing that tint ; and on dien allowing white light to impinge 
upon the eye, those undulations, which move with such a velocity as to pro* 
duoe upon an unexcited eye the sensatkm of a color oomspooding to that of 
the wafer, are without aotioo oq the temporarily paralyzed ovgan ; and the 
tsnuuning set of undulations are alone active, producing oa & retina the 
sensation of a tint complementary to that of the wafer. 

769. A remarkable case of resolution of white lightinto its complementary 
tints, by unequally exciting the eyes with white light, has been described by 
Mr. Smith.* If we hold a slender slip of white paper vertically about a foot 
flom the eyes, fixing both the latter upon an ohjeot at some distance beyond 
it| so as to see the paper double, and allow the light of a candle to act vividly 
en the right eye, without affecting the leA, the leA-hand image of the strip of 
paper will appear to be bright green, whilst the otlier will exhibit the comple- 
mentary color, or red. If tlie direction of the source of light be changad| the 
position of the complementary tints will become reversed. 

770. IndiTidoals are not miiirequently met with* whose eyes are as insensi- 
ble to certain tinti^ as the ears of some are to particular sounds. Several cases 
of this kind have been described, in which the following colors have been 
confounded by the persons aflSacted with this outioos defect of the visual 

OlgEWS.^ 

Bright green, with grayish-brown and flesh-red, 

Rose red, with green and gray, 

Scarlet, with dark green and hair-brown, 

Sky-blue, with grayish-blue and lilac-gray, 

• Edin. Joarn. Science, iii. p. 1. 

t Seebeck ia Foggeadorff, Aonalen, zliL 177. 
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Brawniih-yellow, wHli xellowish brown and gra ii g re iiy 

"Brir-k-red and nist-brown, with deep (lUTe^(re6llk 
Dark-violet, wxth deep blue. 

Tbis venuttkable state oecaiionally occurs in disease, and disappears on the 
patient's Teoovery. I had once a patient affected with cerebral disease under 
my care, in whom vision was previously perfet^t, but during the attack she 
confounded several tints with each oUier. The colors mistaken for each other 
in this inataiifiewece in csneml the oomplementaif ones ; jced being miamlmi 
finr gneii, ami onaie being eonfiianded with blue. Of the phjreioBl cause of 
'this lemerkeble states however, nothing is known. 



mm 

In the elaborate Monograph on Li^rht in the Cyclopaedia Metropo!5t?iTm, by 
Sir John Herschel, the student will find a most valuable source of reference 
ibr everything connected with physical optics. Th& Essay on Optics by Sir 
David Brewster, in Lardner*s Cydopasdia, will prove a most excellent guide 
Ibr the leisedvanoed student 

For further inlbrniatkMi on Ae snbf ects treated of In the hist seren chapften^ 
in addition to the general treatises on physics before referred to, the reader 
shonld mnsult the Treatise on Optics by Sir Isaac Newton, the E?say on 
Optics by the iato Dr. Wood, of Cambridge, Dr. Young's Elements on Naniral 
Philosophy, and Miiiier a Physics, section v. In the researches of Sir Da rid 
Brawslsv on polarised light, difihsed Ihionflli a series of papers in the Tians- 
aotions of the Royal Societies of London and £^baigh| will be-fiMmd «very 
Inihrmminn on that mteveating depavtmeiit of ph/sios. 
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THSEXOTICS. 



Theories of heat, 771. Proximate causes of heat, 112. Heat and cold, 773. Ex- 
* pansion, 114 1 of Jluids^ 775. Water an exception, 776. Thetymmeiers, air, 
778; Ledk'i, 779; Maremuii, 780; gradmOim of, 781; Fmrnda fir, 782. 
Tkm 0/ cmltgradedtgmt, 1S3, Breguttt mdal&c f^n iiiowwiir, 784. JfVv- 
flMlert, 785. Varying expantitmof fimd», ISl. Conduction of heat, 788. Xowi 
of heating and cooHng^ 789. TaWi? o/ »oW ronductors, 790. ^aif conducting 
power of Jluids^ 791 ; o/' ga»M, 792; o/* ar ticks of clothing, 793. Conuffcfion ' 

Am^, 795 ; capacity for, 798. Speajk heat, 790; JSo/io o/, /o a2o»ttc weight, 
800; o/ fawf,frai. XaMAtal,803. «4lMeliMi «f Alof &y wliitiim, 806 ; 
OTrfKlioA o/ 6y lolu/j^SMfiM^ 807. XoM heat ^ itNMi, 808. JSs^paiMiofi tf 
Jiuide in wqwration, 809. Congelaiion of koSiee, 810; eMIitton of, 811. 
ISpheriral state nf^uids by heat, 812. JFreezing of jmter in red-hot vesseb, 814, 
Production of tee by evaporation, 815. Jva/io o/ aimmpheric prtsmre to ebuUi* 
Hon, 817. Cryophorus, 818. Mmospheric vapw; 819; elatticky of, 820. i/y- 
g fwii rfOT^ 881. Dem-wint, 822. JkmieWi hygrometer, 823. Aygro- 
mitir, 824, ChtmkJ ccMoii ijf Anof, B25. 

771. Ths same difference of opinion has existed amon^ philosophers with 
regard to the distinct cause of heat from light. Some have contended that the 
evolution of heat, as of the sun and other sources, depended upon the emission 
of infinitely minute particles oi roatter, to which the general term cakrvc was 
•ppiiad. Odief* ngniii 1mit« applied the undolalory hypothetk lo the «xpl»* 
mkm of die pliflDOliMlia of beat as of light (551), and have supposed that 
&ese are merely the results of the imdulations of an imponderable ether 
equally difiiised with that, whose tremrilous motion produces light, if it be not 
identical with it. Researches on the subject render it, at least, probable that 
heat and light depend upon the undulalory movements of the same ether, the 
fomet being die fesnlt of mli notbii when made widi too Hide rapidity to 
porodoce the latter. 

772. The chief proximate oame of heat is the sun, wlK»e rays convey to 
ns this important ajrent in eommon with W^hx. There are, however, other 
exciting causes Chiefly of a m^haoical and chemical character, to which it is 
necessary to alltide. 

A. Friction.— Prodtioed whenem two bodies are nibbed togedier. Thus, 
when two pieces of ioe are robbed togadier, saffioient beat is genenled io 
melt them. Among uncivilized nationSi heat is produced by the nadves by 
the friction of pieces of wood ng:!iinst enrh nthrr. Count Rumford found that 
, in the operation of borini,' a brass cannon, 7^ inches in diameter, the }x)rer 
makinf^ thirty-two revoiuiions in a minute, with a pressure of 10,000 pounds, 
suflicieni heat was generated to boil eighteen pounds of water, in which it 
was immecBed, In 2} hoars. 

& PeioniiicnLr-TJiis is an amive mechanical mice of beat^ and appears 
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to depend xtpon its prod^icing a diminution of bulk in the body struck, for, as 
a gene ml rule, wlienev r bodies are diminished in bulk, heat is evolved. This 
is well illustrated in ihe coining press. BerthoUetnibmitted a piece of copper 
to the stroke of a press, wad ftwmd that the greetert eTolation of heetoocimed 
•t the iliit Mow, and ^'tt* i'*^***^ with eachaacoeeding one. 

Wiih the first stroke 17-3® F. of heat were evolved- 
. second — 7*5** ditto. ditto. 

third — 19^ ditto. ditto. 

C Chemical action.— An active source of heat, including all cases in which 
the action of heterogeneous particles are exerted on each other, as ia ooair 
bustion, ^c. ^ ^ ^ 

D. ElocLncal action. — Example* of dila mode of eipolving heat hmre been 
•lieadjT given (427) ; it appears to be connected with the renMance affiiided 
Igr eondnotioB to electric induotidn taking place through ihera. 

£. Vital action. — All beings possessing life have the property of evolving 
heat, and generaUy of mnintainin-:? a trmjierature above that ot the medjuui 
in which they live. In the case oi animals, at least, it is highly probable that 
the evolution of heat depends upon a slow combustion going on in the Of> 
ganian, eaibon and hydragsn bdng slowly eooverted into caibonic add and 
water, not only in tfaeinngi, hit inxTery portion of the capillaiy qram (5iO), 
A dieory long ago ad^^UMsed, and to which notice has been moie reoeolly 
drawn by the ingenious ar^j^iiments of Prof Liebig. 

773. When a bo<ly hm acquired the po\v<M of connmunicaung the sensation 
of heat to oliiers it is said to be hot^ and when, on the contrary, it takes heat 
ftotn tlie band when brought near it, the body Is said lo be eM Not the 
sKgbtest difierenee of wei|^ takes plaee in bodies by tbe abstiaBtkni or eom- 
mnnieatiOn of this pil>wer of communicatinK the sensatkm of heat; a masa of 
matter so cold as to freeze a little water when placed upon it, wei^hini; the 
same as when of tbe tempesatttre of boiling water j the bulk of the body 
alone undn iioing a ( Ininge. 

774. When tiie temperature of bodies is increased, they, with few exeep* 
tions, increase in bulk. This increase arises lAom tbe repnlsive power of 
beaty tbi when this eg^t is excited in bodies their moleonles exert a power 
of tnntaal repulsion, causing, first, their increase in bulk ; next, the alteratioa 

.of the physical condition of the solid, causing it to become a liquid, and, lastly, 
it assumes the gaseous state, if the i epnhive power of bent be sutlii i* nt (fc). 
SoUds expand less, and gases more m bulk tiian liquids lur et^uai uicremeuts 
of temperature. 

The Ibllowing labia shows tilie ineeease in lengib of bats ot difletent nl^ 
stances in tisuig fiom the tempeiatuxe of free2Eing to that of boiling waler. 

lOOOjOUU ia length of glass-tube becomes at 212° iUU0,S61 

■ ■ I ■■ crown glass ^ 1000|B76 

I platinnm 1000^ 

tieel 1001,189 

■ ■ bismatb 1001,392 

, gold 1001,400 

■ copper 1001,712 

. silver ' 1001,890 

■ 2100 1002yfi4ft 

By multiplying the linear increase of bodies fay d| the total increment in bolk 
ia obtained with sufficient accuracy. 
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775. Bf tirf BBOie elenttkm of tenipeiatine ftmn 33^ lo 312^, the increase 
im balk of llie Anowing fluids has been asoertained. 

XUUU parts of water become 1046 

I i ii alcohol _ 1110 

fixed oil . 1080 

— — ether 1070 

- ' ■ cdlof tarpentine ^— ^ 1070 

mercury — 1018 (Do Luc.) 

' meiouiy ' 1020 (Dalton.) 

(SaeeoDS bodies expend equally ibr equal inerements of tempemtnie^ 1000 
parts of air at 32^ becomiDg increased to 1375, at 212^, and the same amount 

of dilatation in bulk is experienced by other aeriform bodies. 

The ratio of iho expansion of pases has been lately corrected by Rudberg, 
and, according to his researches, one volume of at 32°, hecomes 1'365 at 
so that a gas dilates of its bulk at 32° for each degree of Fahren- 
heitV thermometer (665), instead of ^ as generally stated. If the volume 
of a gas at aeio be 1» its bulk at any higher temperataie may be teedtly found 
bj the following formula: 

TohuBol f . Tempemtnre by Fahrenheit's the rmometer. 

. ~i 

For if tlie expansion he expressed in parts of the bulk at 0°, instead of 32®y 
the expansion is j ior each additional deprcc of tempcratiirp. 

776. Perhaps the only real exception to tlie general law oi Uxlies dilating 
by heat, and oontracting m proportion as they are cooled, occurs in the case of 
Water. If this fluid be healed to its boiling point, it will expand like other 
liquids, and if then it be allowed to eool, it will be found lo contract in bulk 
steadily until it attains the temperature of 40° F., at which point it will attain 
it.s maximum of density On continuing to diminish its temperature, the water 
will commence dilntin^; in Ijulk until it attains the freezing point, or 32® F., 
and if it be cooled below this point without freezing, by avoiding all agitation, 
it will still continue to expand The bulk of an equal weight of water at 
46^ and 32^ is the same. The speoific gmvity of ioe as compared with that 
of water ai a mean temperature is as 0 94 to 1*0. In the act of freezing, a 
more marked amount of dilatation occurs; the bursting of water>pipes in 
winter from this cause is a phenomenon fnmilinr to everv one. An iron 
plug, weighing three pounds, waa usad to cio^e a bonih-sheli Idled with water, 
and on freezing the latter, the plug was projected with violence to the dis* 
tanoeof 415 feet 

777. The great importenee of water being the exception to the general 

law of bodies contracting by cold, may be illustrated by a reference to what 
would occur if ihi^ were not the case. For each winter the surface of our 
rivers and lakes becoming c^)vered with a crust of ife, ttiis wonid sink to the 
bottom, ihe fresh surface of water thus exposed would in its turn freeze, and 
another layer of ice would sink. This might go on even during a com para* 
lively mild winter, until our rivers oouid thus easily be oonverted into a solid 
mass of ice, which no sueoeeding summer^s sun could melt^ and thus the 
whole earth would become a frozen mass, and all animated beings perish. 
But by the ordinanees of Infinite Wisdom, it has been ordained that water 
should expand instead of contracting below the ti niperature of 40°, and the 
sheet of ice once formed being lighter than the adjacent water, iloats on its 
sarfhee instead of slaking, and thus helps to protect the fluids below it from 
the frirther influence of cold. 
31 * * 
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Tf8w Belbie pnmMng is lot iwwchM on iBb» propettSBi 
of heat, it is neoMauj Ibr ibe inquirer to he flvnished with 

OBome means of acquiring a measure of its intensity. This im- 
portant intention is fulfilled hj instruments termed thermi ime- 
- - ters, or measurers of heat; all depending for their action upon 

the expansion of bodies by heat The iirst of these iDstruments 
wai eootrivad bgr Suietoriua, an Italian pbysicitui in the l(Mh 
eentmy, and ia mnr known as die airthennonieter, hecanae tbt 
indications it aflbrds d^iends npon die &cpansion of indoded 
air. It consists of a glass tube, having n hn]h blown at one 
end ; the tnl>e is then filled as far as the bulb with a explored 
fiuid, and inverted in a vessel containing a similar liquid. The 
bulb is thus ihll of air, and on approaching n h«ited hodf 
towards it, the tnchided air expands and depresses the ftud 
in the tube, a giaduated scale attached to which marks the 
amount of subsidence of the fluid, and consequently of the 
expansion of air in the tube. These instruments are very 
delicate in their indications, but are rarely used, in conse- 
quence of their inability to m^isure any considerable range of 
temperatnie. 

779. The air^ermometer was greatly improved by Sir John Leslie, whose 
differential thermometer (as it is termed) has bc^n of essential service io 
ehicidating many of the more obscure properties of h^t This in^tnnnent 

consists of a tube bent twice at right angles;, each end 
Fig. ^9. terminating in a bulb, jbelore hermeticaUy closing the 

O bulbs, the tobe is filled with snlphnrie acid tinted with 
rfiTr^ earmine or indigo^ so that hoth balbs are left faH of 

air and the bent tube ftall of colored fluid. This insinK 
ment does not indicate any changes of temperature in 
the ?nrroundin«? air, because so long as the air in both 
bulbs is r f^uaiiy heated the fluid will stand in the isanie 
level iu lite tube. If, however, a heated body, as the 
hand, he approached towards one hulb^ the inelnded air 
will expand and depiess the fluid in the tnbe^ driving it 
into the other bulb. The amount of depresiiott of die 
fluid in the tube is measured as usual, by means of a 
graduated scale attached to one arm of the instrument 
This very elegant piece of ap{>aratus is termed the 
difibrentlal thermometeri because it indicates the differ* 
ence of tempeiatnre in the air inchided in the two bulbs. 

780. The expansion of liquids has been long used to indicale differences 
of temperatiup, and instruments thus cx)nstrncted have the advantage of being 
steady in their indications, and of bcii^g capable of measuring considerable 
ranges of temperature. The two finifjs now generally used for liquid ther- 
mometers are alcohol and mercury j the former is of nio^t service iu the 
measurement of veiy low tempecatnre, niiilst the ease with whidi it entois 
into ebullition, rendets it unfit ibr the examination of temperatures near its 
hoiling point Whatever fluid is used in their construction, these instn- 
roents are always similarlv formed, consisting merely of a tube of fine bore 
terminating at one extremity in a bulb, and fill^ with mercury, or alcohol nt 
a boiling temperature to ensure the expulsion of air. The tube is fixed to 
a piece of hard wood, metal, or ivory, on which a scale is engraved. The 
lower end of this nsoally mo^es on a hinge so as to allow the tmif im* 
mersion of the tube in any liquid. 

781. To enable the indkations of difiSnrent thermomieteta to be oomiiaiible 
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wiib eflteb odnr^ mile fiaod polnti finm wkldi iIm gmchntioa 

of the acale cxmM be made is abeohitely necessary. The fixed 

point? nre ibrnaed at the tpmpemture in which icf» melts and 
water boilS) under a barometric pressure of 30 inches (185). 
The space between these points has been divided in an arbi- 
trary manner, according to the views of different philoiophers. 
Beaimnir dividAd it into 80 equal parts or degrees, of which 0^ 
floneeponded to the temperature of melting ice (or freezing 
water) and 80° to that of boiUng water. This graduation 
ha? been extensively employed on the ctmtinent. Celsius of 
Sweden divided tlie same spac^ into iUO degrees, giving rise 
to the centigrade thermometer, in general use in France and 
Germany. The division of the thermometrio scale employed 
in Bnglaiiid is that of Fahrenheit, a German artist, who assumed 
for his zero the temperature produced by a mixture of ice and 
salt, and ho divided the space between this and the tempera- 
ture of buiiing water into 212 degrees, of which the 32d cor- 
responded to the temperature of freezing water, and to the 0® 
or aero of Reanmnr's, and of the oentigiade thermometer: the 
space between the temperature of boiling and fireexing water 
is thus in the former divided into 60, in the latter into 100^ and in Fbh^ 
tenheit into 180 equal parts. 

782. Much confusion has resulted from the use of these different scnles, 
and to avoid this as much as possible whenever a temperature is expressed, 
it is costomary to indkate which graduation has been employed, by placing 
after it the letters C, F, respeodyely. It is» however, very easy to convert 
the indications aflbrded by one kind of thermometer into another, by remem* 
brring the ratio borne by the degree of one to that of either of the other two. 
Thus, a degree of Fahrenheit's scale is equal to ^ of one of Reaumur's and 
to ^ of a centigrade'degree. In practice, the following rules will be found use- 
ful for the conversion of the diderent thermometric degrees above freezing 
point, into each other* , 

A. 2b €ommt a 4tgm »f FdvmhiU mi» §guM 

Multiply the nmnber of degrees above or below by 4, and divtite by 9. 
Es. What is 189* F. equivalent on Reaumar's scale. 

(185—32 =s 153) X 4 =s G12, and 012 9 as 68 R. 

B> 2EVi coMMrt 4( i^j|fw AsaiiMiif^ {aiatCi spasafail OA F'aAfviiAtif's S0^^ 

Multiply the degree by 9, divide by 4, and add 32. Ex. "What is 10 R. 
equivalent to on Fahrenheit*s soala 

(16 X 9 =a 144) -4- 4 = 3C, and 36 -f 32 as 68 F. 

C. 2^cDMMrt adligmof J*aAf«iMtta<Dds cmf^^^ 

Multiply the number of degrees above or below 33* by 9, and divide by 
Thus, 213 F. are equal to 100 C 

F. (212 — 33 M 180) X ^0, and 900 9 100 a 

D. 2b mmnrt a cmtyrgA dtgm lalo onM FoknMii, 
Multiply by 9, divide by 9, and add 32. Thus, 100 C. «■ 313 F. 

C. (iOQ X Q -4- 5 « 180i a"d 180 + 32 = 212 F. 
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Fahren- 


Centi. 


Fahren- 


! 

Centi- 


Fahren- 


Centi- 


Fahren- 


gndo. 


heit 


giade. 


heit 


grade. 


heit 


grade. 


heit 


100 


212- 


67 


152-6 


34 


93-2 


1 


33-8 


99 


210-2 


66 


150-8 


33 


91-4 


0 


320 


98 


908*4 


65 


149- 


32 


89*6 


— 1 


30-9 


97 


206-6 
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147-2 


31 


87-8 ' 


— 2 


28*4 


96 


204-8 


63 


145-4 


30 


86-0 


— 3 


26-6 


95 


203- 


62 


143-6 


29 


84-2 


— 4 


24-8 


94 


201-2 


61 


141-8 


28 


82-4 


— 5 


23-0 


93 


199-4 


GO 


140- 


27 


80-6 


— 6 


21-2 


99 


197'6 


59 


138*2 


26 


78-8 


— 7 


19*4 


91 


19^8 


58 


136*4 


25 


77-0 


— 8 


17*6 


90 


104- 


57 


134-6 


24 


7r)-2 


— 9 


15-8 


89 


192-2 


56 


132-8 


23 


734 


—10 


14-0 


88 


190-4 


65 


131-0 


22 


71-6 


— 11 


1-2-2 


87 


188G 


54 


129-2 


21 


C9-8 


—12 


104 


86 


186*8 


93 


127*4 


20 


68-0 


—13 


8*6 


85 


189* 


59 


125*6 


19 


66*2 


—14 


6*8 


84 


183-2 


51 


123-8 


18 


64 4 


—15 


5-0 


sr] 


181-4 


50 


122-0 


17 


G2-6 


— 16 


3-2 


82 


179-G 


49 


120-2 


10 


CO-8 


— 17 


1-4 


81 


177-8 


48 


118-4 


15 


590 


—18 


— 0-4 


80 


170- 


47 


116*6 


14 


57-2 


—19 


— 2-2 


79 


174<9 


46 


114*8 


13 


55-4 


—20 


— 4*0 


78 


172-4 


45 


113-0 


12 


536 


—21 


— 5-8 


77 


170-6 


44 


111-2 


11 


51-8 


—22 


— 7-6 


76 


168-8 


43 


109-4 


10 


500 


—23 


— 9-4 


75 


lfi7- 


42 


107-6 


9 


48-2 


—24 


—11-2 


74 


1C5-2 


41 


105-8 


8 


46-4 


—25 


—130 


73 


163*4 


4U 


104*0 


7 


44-6 


—26 


'14*8 


79 


161-6 


39 


102-2 


6 


42*8 


—27 


—16-6 


71 


159-8 


38 


100-4 


5 


41-0 


—28 


—18-4 


70 


158- 


37 


986 


4 


39-2 


—29 


—20-2 


69 


150-2 


36 


or.- 8 


3 


37-4 


—30 


— 22-0 


68 


154-4 


35 


95-0 


2 


35'6 


—31 


—23-8 



784. An IngMiiiNM tem of therniomeler ibonded 
upon the uneqiial expenskm of two aiipe of uieial 
soldered together by heat, has been oocasioaalljr em* 

ployo(!. This form of thermometer has been greatly 
improved by M. Breguet of Paris. Hia instrument 
consists of a delicate ribbon of platina soldered to 
om of diver, by a very thin layes of gold. Thi9 
eompoiiiid bur is twisted into a spin! coil, one eod 
of which is fixed to a support, the other esiiiM % 
delicate gold needle as an index. As the two metals 
of which the coil is composed, expand very tliffer- 
ently ibr equal increments of temperature, it foi- 
lows that the helix of ribbon wHl nnooil, or become 
fflnssr tw islwlj inooi^iBg io the lenqfwtalMf to which 
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ft Is BobJ eetedy 4ie intensity of whieh will be indioated bf Ibe motion of the 

needle over a grathmted nrc. 

785. For the purpose of measuring degrees of temperature higher than that 
of boiling water or mercury, instruments termed pyrometers have been em- 
ployed. Of these the most celebrated was that contrived by Mr. Wedgewood ; 
it oonsbted of a series of perfectly similar cylinders of baked clay, and a 
gmduated scale to allow of their aoourate measorement. One of these eyiin- 
deis was then exposed to the temperature to be measured j in proportion as 
it became heated it contracted in bulk, and this contraction measured when 
the cylinder had cooled, became an indicatioii of the temperature to which it 
had been subjected. In addition to other sources of error, the fact that pieces 
of clay would ^dergo the same amount of oontmotion Ytj a modemte heat 
long continued) as by an exposure ibr a short time to an intense heat, becomes 
an insuperable objection to the indicati o ns of this instrument being depended 

upon. 

780. The most trustworthy pyrometer hitherto invented is undoubtedly that 
of Prof. Daniell. It consists essentially of a slender bar of platinum or 
hsmmered iron, whose linear expansion, when heated in a tabe of black<4ead, 
is measured by means of a little piece of porcelain resting upon the top of • 
the bar, which in the act of expanding pushes it forward. When the appe^ 
hims has cooled, the displncement of the porcelain index becomes n measure 
of the expansion of die bar, and consequently of the temperature to which 
it has been exposed. The amount of displacement is measured by means of 
a delicately graduated scale furnished with a nonius. 

787« From the reseaiehes of Dulong and Petit) it appears that the expan- 
sion of fluids, ahhoui^ regular up to 212^, increases in proportion as the heat 
rises above that temperature, as compared with the expansion of air. Hence 
the indications of an air and mercurial thermometer, although equal up to 
212**, differ materially above that point; tlius, the temperature of 686° on the 
mercurial would correspond to 572^ on an air thermometer. 

788. Every one is familiar with the ftct that heat is conducted by diflferent 
bodies with very difieient degrees of facility. Thus, a small piece of chaN 
coal may be held by one end in the hand whilst the other is red-hot ; and a 
piece of iron of the same size would, under similar circumstances, convey ?o 
much heat to the hand as to render holding it for any length of time abso- 
lutely painfuL Among bodies of the same class, as metals, the same difier- 
eooe obtains : thus, a piece of platinum can easily be held in the band whilst 
one end is red-hot; and a piece/of copper similarly circumstanced will 
speedily bum the fingers* 

Twist togedier one end of a piece of copper and platinum Wire, each about 
"fix inches long. Place on each end 

a minute piece of phosphorus. Heat Fig. 362. 

the point of junction with the flame of 
a spirit-lamp, in a few seconds the phos* Q " — 
phorus fixed to the copper wire will 
burst into flame, whilst that on the pla« 
tinum will be nnaffected. 

789, The Ibllovving general law of 
the propagation of heat by conduction 
has been determined: that if one end of a bar of metal be phned in connec- 
tion with a source of heat, it will be found that ibr distances measured from 
this point in arithmetical progression, the excess of temperature above the 
surrounding medium will be in geometrical progr^sion. MM. Bulong and 
Petit have nl^o detcnniued the law for the cooling of heated bodies, when 
they are placed m vacuo : in this case it is found that the rapidity of OQOllng 

3l« 
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down to the temperature of the atmosphere decreases in geometrical, whilst 
Ae tampeiatora diminulioi in arithmetical proportioii. * 

790. The oondneting power of bodies for beat differs very considerab^ ia 
different substances ; and is generally materially diminished by breaking up 
solids into small portions; in tliis manner ignited coals can be easily canieil 
ill the baiul if i)rotected by a layer of cinders or ashes. 

The conducting power of several substances is shown in the followinc 
table by Despretz, in which gold ia taken as the standard. 

Gold .... 1000 

Silver .... 973 

Copper • • • . 898 

PhttioiiiB • . . • 381 

Iron .... 374 

Zinc .... 363 

Tin ... - 304 

Lead .... 180 

Marble .... 28*6 . 

Prooelain . • . • 13*3 

Fine clay .... 114 

791, Liquids oooduot beat with great difficulty; on this account, if water faa 

ftozen at the bottom of atest tube and fresh water poured 
Fic> 363. upon it, the latter may be made to boil by holding a 
8pirit*lamp near the upper part of the tulx?, and yet the 

Kice will remain unmelled. If, however, the heat be ap- 
plied to ihe lower part of the tube, the ice will speedily 
melt, and the whole rapidly boil, not, however, from heat 
being conducted upwards, but fiixnthe asoeut of heated 
particles of water ftom the bottom of the tube, on aooooiit 
— of their being specifically lighter than the colder portion 

to wliich they thus communicate their heat (795), and 
thus the whole of the fluid becomes heated by the tend- 
ency to the production of an equilibrium of temperature between the par> 
ticles. 

799. Gases conduct beat ^even worse than liquids, a property frequently 
made use of to confine beal^ as in the double door of furnaces, and in the doa- 
ble windows now so frequently used in houses ; the layers of air confined 
between them proving the best jKDSsible barrier to the escape of heat from the 
apartment It is on this account that the mere contact of very hot air can bo 
endured by a person, whilst exposure to a fluid of the same temperature would 
produce intense pain. But if Uie heated air impi nge upon the sorAoe at a 0*^ 
fffitf, then its contact will be intolerable, in consequence of the repeated ap> 
plication of fresh portions to the surihoe. The same remark applies to in- 
teasely cold air; thus, in the Arctic regions men have been exposed to a degree 
of cold below that of freezing mercury without injury, so long as the air is 
calm, but upon the slightest wind occurriug, the repeated contact of fresh por* 
tions of ccdd air wiU carry off so much beat as to fireeze the eztrcniitiea. 

793i ▲ piaetioal application of the badly conducting power of air is (bond 
in the various articles of dress, which arc generally wanner in proportion to 
the quantity of air entangled in the interstices of the material of which they 
are composed. Count Riunford suspended a thermometer in a glass tulx^, and 
prevented contact between it and the bulb of the thermometer by the iiiier- 
nositionof the substance whose conducting power he wished to determine. 
The whole was first plunged into boiling water, and then removed into melt- 
ing ice. The time requir^ ibr the thermometer to oool fitmi 190 F. to 54*9 
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was then uoted in se<^oud», which thus became a comparative measure oi the 
conducting power oL the body. In this way be found thai when air was alone 
Interposed it leqniied 576 ■mwil* to eotA down to 54>9l Bat whea mat* 
jounded with 

16 grams of sewing silk, it required 817 seconds, 
fine fint - • 1032 

• oocloa - - 1046 
wool - • 1118 
raw «i!k - - 1284 

• beaver's far - • 1296 

• eider down • - 1305 

• harems fhr • - 

We liave a beautiful illustration oi Uiis property in the change of clothing of 
many animals, hair being in winter, and in the Arctic region^ replaced by 
wool, and ftaUiers bf down. 

794. The Act with which evaty one is ^miliar, that a pieoe of inm or 
marble always feels colder than wood, flannel, or fur, aunilarlf exposed, is 
explained by their different conducting powers. Thus, iron being a j^ood 
oonducior, rapidly attract? bent from the hand, and hence feel3 cold, wliilst a 
piece of fur or woolen cioth, being a bad conductor, does not remove heat so 
rapidly, and Uras iecit companUiTelj warm. That die tempeiatiire of dieao 
bodies is really die same is ptoTod by examining ihem wlili a then^ometer ; 
as all bodies exposed for a suffiineat time to the same atmosphere rapidly ao» 
quire the same temperature. 

795. As all bodies whose panicles possess ready mobility on each oth ^r, as 
fluids or gases, are such bad conductors of heat; it is obvious Uiat wiien iieat 
is applied to one part of « ▼esse! containing them, itsoommnnieatkm to other 
portions of fluid most depend npon a process distinct from conduction. This 
has been illustrated by the case of fluid heated in a tube (792), when thedil* 
fusion of heat depends upon the ascent of heated particle?, a procc-« ennve- 
niently termed conrection. When nir \^ heated it ascends, because it becomes 
specilically lighter than the surrounding medium, and not in consequence of 
heat having a " tendency to ascend." This is the rationale of the balloon con- 
trived by Montgolfler, which consisted of a targe air-tight bag, baring its open 
mouth downwards ; beneath this a fire was maintained in the car, which, 
rarefying the air in the bag, rendered the whole specifically lighter thun the 
surrounding medium, and it crnisequcntly ascended. The heated air at tho 
equator thus ascends and travels towards iLie poics, whence an under-curreut 
of cold air passes to the tropical regions of the earth. 

796. As heat is difiused thiongh fluids fay the process of oooYection, it 
lows that whatever diminishes, or interihres with, the motion of the mole* 
cules of fliud, will prevent the mpid <»ntimunication of heat from one part of 
the li(]uid to the nthf r. On this neeount viscid fluids, as water to which starch 
has been added, require a louger time to boil than pure waterj and conao* 
quenily a longer time to cool. 

797. Bodies do not appear to have all the same capacity for heat, as, 
iod^ has been shown fiom die differences diat exist in die rates of cooling 
of difierent substances (793); thus, water requires more than twice as mudi 
lient to raise it to a piven temperature, as an equal weight of mercury; hence 
water is said to have a grenter capacity for heat than mercury. All bodies 
thus possess a property denominated their specific iieaij indicating the compa- 
rative amount of beat required to raise them to a given tempemtnre. 

798. If equal quantities of the same liqttid at different temperatures aro 
I, the tempemture of the mixture will be die mean of the twck Thus 
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a pound of water at 60^ mixed with tbA nine quantity at 212°, will, when 
mixed, poMW a temperatare of 136°. But if equal weights of dlfl^nt fluids 
bo mixed, the lesulting temperature of the luixture wilt noC be the mean of 

the two. A pound of mercury at 40°, mixed with the same quantity of water 
at 156**, will pro<lnf'<» a temperature of 162*3°. Thus, whilst the tempera- 
ture of the water is only depressed 3'7°, enough heat must have been eyr lved 
to raise the temperature of the fluid metal IIZ-H'^. Then if the capacity of 
water ibr beet be Msoined as the standaid, that of memmy will be bat 0O33 
ibr 3-7 : 1123 ::O033 : 1. A bar of copper weighiog a ponnd, if heated to tiie 
tempemtnte of 300^, and immersed in a poand of water at 90°, will give up 
its excess of heat to the water, and both will acquire a traiperature of 72°. 
The copper has consequently lost 2*28°, and the water gained 22°, and as 22 : 
228 : : 1 : 0*096 = specific heat of copper. The specific heat of bodies may 
also be calculated by observing their comparative rates of cooling from a 
Kiven tempemturei or bj observing bow mocb ise is melted, or water heated 
by allowing tbe body to oool in a vessel surrounded by either of tfiese bodies. 

709. It is a curious fact, established by Dulong and Petit, that the specific 
capacity of bodies increases as rheir tetnperature rises, SO that it requires less 
heat to raise a body of the teinp*n:itiirr nf iOO** to 105°. than to raise one 
heated to 200° to 205°, although iu either case but equal increments of tem- 
pemmre are indicated by the tbetmometer. Tbns, tbe specific heat of water 
at 32° beiiig termed 1*00, that of water at 212^ will be 1*010° 

The followiag table gives the specific heat of several bodies, chiefly fiam 
die late aooomte espetimeiits of Rsgmolt 

Water - - 



Alcohol 

Ether • 

Nitric acid - 

Sulphuric acid 

Sulphur 

Phosf^oms 

Iron 

Nickel 

Cobalt 

Zinc 

Copper • 

Silver 

Tin 

Platinum • 



1-000 

•GGO 
•520 
•442 
•333 
•202 

-m 

•114 

•109 
•107 
•095 
•095 
■03» 
•056 
•092 

nslanoes, a simple relation between 



800 There exists, at least in nnmeioiis 
the atomic weight of a body and its specific beat ' Thus, if the number 3-1 
be divided by the number expressing the specific heat of lead, tin^ or xtee, 

the quotient in each case will very nearly represent the atomic weight of the 
body. In the same way the quotient from carbon will be double its atomic 
weight, and one-half their weight in the case of iodine, phosphorus, and 
silver* In compound bodies, although the number to be divided alters, yet a 
single ratio obtains; thus, in the case of the foUowing carbonates the number 
is 10-4. 
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10-4 








Spec heat 


weight. 


Cacfoooate lime • . 


0.2044 


50.9 


50-6 


- iron • , 


0.1819 


67-2 


58-1 


- zioo • . 


0.1713 


60.7 


62-4 



801. The specitic heat of gases has been very carefully examined hy , 
didereut phiioiophers. The process generally pursued has been to heat the 
gas to a giveii pointi and obsetre bow inudi it ndoed the tempeiature of 
water thnrai^ whjoh a jBnrrept was led hy meanp of a spiial tube. Another 
mbde has been c»ntriv6d hf Pr. Apjohn, and consists in vaporizing water by 
a current of the ficntctl gases, when the latter will be cooled with a rapidity 
inversely proportional to th^ir specific heats. .Still,, so much di^rrepancy 
exists in the results of difierent experimeatersi that the subject must be re- 
garded as open to further examination. 





Specifie heat aooording to 




Apjohn. 


Delaroche. 


Dulong. 


Atmospheric air . * 


1000 


1 000 


1000 


Nitrogen • « • . 


1-048 


1-006 


1-000 


Oxygen . • • • • 


1'808 


0-976 


1006 


Hydrogen . . « • 


1*459 


0-900 


1-300 


Carbonio acid . . . 


Mor> 


1-258 


1172 


— oxide « . 


0-90G 


1034 


1-000 


Nitrous oxide . • • 


1-193 


1-350 


1-159 



802. As the mixtore of equal quantities of water at different temperatures 
possesMs the oompanitive of the mean (798), it follows that when a poimd 
of water at 32^ is mixed with a pound at 172^, the mixtore ought to be of the 
temperature of 104*^, and experiment proves that such is the case. But 

if a pound of ice or snow at 32° be added to the same quantity of water of 
172®, ilie mixture will be found to possess a temperature of only 32*^. It is, 
tliereibre, obvious ihaL s>inne law must exist regulating this apparent loss of 
140 degi»es pf heat, differing ftom that of q^eoifle capacity already explained* 
The heat that has disappeared most have been absorbed by the ioe in passing 
from the solid to the liqud state, yet without increasing its thermometrio 
heat; hence the 140 degrees of heat must bave becoTne eonepnled or latent in 
the water, which might thus be called a ooinpound of true water and calorio 
ot heat. 

803. If a vessel of water be exposed to a fieeaing temperatore, a thee* 
moroeter immersed in it -will gradually ftU to 33^; if the water begins to ' 

solidify, the thermometer will indicate no further depression of temperature 
until the whole quantity is converted into ice, yet it must, during the enriro 
process, be evolving that latent beat which, when in the ibrm of water, pre- 
^ved it iu the liquid state. If) then, the ioe be placed in warm water, it 



•will absorb heat from it, causing it to become latent, thereby assuming the 
form of water, whilst, as before shown (802), the temperature of the resulting 
mixtuxe Will uui exceed 32 *^, the original temperature of the ice. These di^ 
ooveries we owe to the reaeatohes of Dr. Black. 

804. The oompamdve quantiqr of heat zeodered latent during the liqiia> 
Action of bodies has not been very accurately determined for xncKe than a 
few. Tlie following table shows the Te«nlt« of some experiments on the 
latent heal of some substances. The Hrsi column of figures sliows the inter- 
val of temperature through which the ix>dy, when liquid, would be heated by 
tha anuMiat of heat afaaorbed in die act of meltiag. The seoood oohmm thowa 
the degree of tempeiatora which that amount of heat would ocnnmiuueato . 
to a oeilaia quantity of water: 

JjoUrU heat* 

Water . . . 140« . . . 140» 

Sulphur . . . 143-7 , . . 27 14 
Zinc . . . 494-0 . , ♦ 483 

Bismutii . . . 550-0 . . . 23-25 

805. TliD remarkable absorption of heat produced by the liquefaction of 
solids, enable? us to products extreme degrees of cold at pleasure. Thu?, if a 
quantity ot nitrate of potass bo stirred into a quantity of water, it produces 
an intense degree of cold in consequence of its absorbing a large amount of 
heat, which becomes latent in the sohMlon. A mixture of snow and common 
salt rapidly liqnefteti and absorbs as mueU heat during die piooeaa as to fur* 
nish us with a very available morle of producing low temperatures. If chlo* 
ride of calcium be substituted f r the snit, so prent a depression of tempera- 
ture is produced that mercury may thus be readily reduced to ihe .-olid state, 

806. The evolution of latent heat in a sensible form occurs whenever a 
fluid becomes solidified. This mi^ be shown by pouring a boiling saturated 
aohition of sulphate of soda into a flask, and seearing the month b]r qriag 
over it a fold of moistened bladder. When cold, the solution will retain its 
liquid state without presenting any appearance of crystallization, until a hole 
is made in the bladder, when in an instant crystals will begin to shoot, the 
Huid Will become nearly solid, and so much of the latent heat wiU be evolved 
that the vessel will feel lenabiy hot to the hand. 

807. Whenever floida aaaume die gaaeoua attUe^ aa analogodaoonmaion of 
sensible into latent heat occurs. Thus, if water be exposed to heat in aa 
open vesse), it will on attaining: 212° boil, and evolve considerable volumes 
of a gaseous vapor or steam, but during the whole time the eb«!!ition con- 
tinues, although receiving fresh heat every instant, neither the lempernture 
of die water nor of die steam will ever exceed 212°. The enormous quantity 
of beat diaa abioriied by the steam and becoming latent in it, may be ren- 
dered sensible by causing it to traverse a curved tube immefsed in cold water. 
The steam in condensing will give up its latent heat to the water as sensible 
heat, and its increase of temperatBBe wiU beeoooe an index of the quantity of 
heat latent in steam. 

808. If steam be conducted for a certain time into eight otinces of water 
until its temperatere la raised fiom 00^ to 188^, and the whole when mea- 
sured be tend to be nine ounces, it la obvioua tiiat the latent heat of die vapor 
of an ounce of water has been able to raise the tempemtnre of eight onnoea 
from 60° to 188°, or 128**. But as there were eight ounces, the whole heat 
when contained in the vapor of one ounce was equal to 123 X ^ = 1024®. 
This must not be regarded as all latent heat; for the steam while condensing 
■hoiild have ibimed water of 212°, whilst the temjperature of the whole was 
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enly 188^ ; hence, at 91S 188 am we nniflli 1e get the tnie proportion, 
Mhwt this from 1024, and 1024 — 24 a» 1600, which is anumed as the 

measnre of the latent heat of steam. It is the enormous quantity of heat 
thus latent in, or combined with steam, that renders it so important as a heat- 
ing agent. One gaiion of water converted into steam will contain sufUcifnt 
heat to raise 5^ gallons from 32° to 212°. No other vapor, even presuiuiug 
they weie as readily proomed as Aeam, wooM be so efficient as heating 
agents, in consequence of their containing a smatter qnantily of combined or 
latent heat. The following table omtains the immhen representhig the 
latent heat of a f»w Tapors: 

Taper of water 1000* 
alcohol 457- 
ether - - - - - , 312-9 

oil of turpentine . - • - 183-8 
nitric acid ------ 550' 

809. The expansion in bulk of fluids on a«ouminG: the state of vapor, 
geaeralty decreases with the latent heat of the laiter. Tbu8| a cubic inch of 
water is converted nearly iiuo a cubic foot of steam, 

I cubic foot of wntcr becomes 1689' cubic feet of vapor. 
- - - aUohol - - 493*5 - - - 
- . - ether - - 21218 - - - 

810. The temperature at M-liich fluid bodies assume tbp form of solids, 
differs materially in different substances; this temperature is knowji as the 
congealing point of the body, and for the following bodies varies as is shown. 
i& ^ sabjoined table. 

Ether — 46^ F, 

JVIercury - • • - • - • — 39 

Water + 32 

OUveott 36 

Acetic add 50 

Wa!c - -149 

Sulphur - 218 

811. The temperature of the ebullition of fluids is subjected to great 
changes, according to the pressure to which they are subjected, and is not a 
fixed point like that of congelation. Fluids enter into ebullition much more 
rapidly if the pressures to which they are subjected arc diminished. The 
following table contains the boiling points of a few liquids at a mean baro- 
metric pressure (185) of 30 inches. 

Ether 100° F. 

Alcohol 173*5 

Nitrioaoid 210* 

Water • • • • • * - 212* 

Sulphuric aoid 600- 

Mefouiy » 

The material of which the evapOTBting vessel is composed, makes a marked 
difference in tlie boiling point of many fluids, especially if they are capable 
of forcibly adhering to its surface ; thus, water will boil at 212° in a metallic, 
and at 214° in a porcelain vessel. 

812. There is a very remarkable fact connected with the evapotation o£ 
fluids whksh Uu attiaoted much attention. If a few dzops of water are 



wXk/wed to fall into a metallic cup, as a platinum crucible bcated al>nrr the 
boiling point of water, the rapidity of evaporation will decrease witli t)ie in- 
crea.«e of teniperature of tlie vessel above 212®. If the crucible be red-hoE, 
and the drops of water be watched, they will be observed to assume the foioi 
of spliendm rolling about tfae ▼en*], and on tha tenqMnmie of ilw botor 
fidting, tb^ will be ettddenlf dinlpatBd with a sort of ezpiottoii. The oaow 
of tikie emimplienamencni seems to be that at an elevated temperature repul- 
sion occurs between the vessel and the water, by which th^ drops of the let- 
ter are made to assume a spherical form, and do not come in contact with the 
vessel, being separated irom it by a film of perfectly dry steam. As the tero^ 
peraiure lowers, this lepnts&oo loMens, and, at a eemin point, the water knee 
its apherioal itate, eomei io edntaetwith Ihe V^eeel, and ie Instantly djaripated. 
It IS remazksble that water in this spbeiloal condition has a temperature of 
about seven degrees below the boiling poinl^ although actually lolfing over a 
red-hot surface. * 

813. Ether is capable of assuming a similar spherical state, and is thus 
actually repelled by a red hot metallic surface. I(xline, when thrown on aa 
ignited platiomn omoible, melts, and Ibrms a spheioidal mass like a btedc 
fluid, rolling over the surfhee of the vessel, and giving off but a very small 
quantity of vapor. In this state the liquid iodine does not come in aetwd 
contHct with the platinum. On allowing the crucible to oool, contact oooBlSi 
and a sudden evolution of iodine vapor occurs. 

814. M. Boutigny, to whom we are indebted for these curious facts, suc- 
ceeded in freeziiig water in a red>bot omcible, by availing himself of this 
spheroidal state. He made a platinum crucible nearly red-hot, and ponced 
into it anhydrous sulphurous acid, and afterwards an equal bulk of watsc; 
The rapid evaporation of acid caused the conversion of the water into a 
rnnss of ice, wliich could tlien be removed from The still ignited crucible. Dr. 
Jf'arttday placed in an ignited cmcible solid carbonic acid and ether, afterwards 
XKturing in mercury; the latter was frozen in the red-hot vessel. In both these 
eacperiments a thin layer of badly conducting vapor kept the ffeezing bodies 
fiom contact with die red-hot crucibles. 

815. If all atmospheric pressure be removed, water will begin to boil at a 
temperature approaching that of melting ice.- On this property, the elegant 
mode of freezing water by its own evaporation contrived by Sir John Leslie 
depends. Let a ]>orous, eariiieu, shaiiow vessel be Ailed with water, and 
suspended over a saucer filled with sulphuric acid, under the receiver of aa 
air-pump. On exhausting the air, a portiott of the water robs the other of its 
heat to become converted into Tapor, M^hich is instantly absorbed by the acid* 
Fresh evaporation then goes on, and at last all the heat contained in the water 
above 32 is removed, an d tho portion left in tlie porous vessel is converted 
into ice. As the only use of the acid is to remove the vapor as soon as 
evtHved, and thus restore the vsciram, any porous body capable of absorbing 
water, as fresh dried oatmeal, may on the large scale be substitutad ibr it 

816. Water may be readily frozen in the air-pump vacuum, by the eva» 
poration of ether. Let a test-tube be partly filled with ether and immersed 
in a much wider one, the interspaces being filled up with water. On er- 
haasting the air, the ether will rapidly boil and rob the water of its heat so 
rapidly, that in a few minutes the tubes wui be found to be tightly frozen to- 
gether. In an oidinary air-pump vaeuum— • 

Ether will boil at ... . 38® F. 

Alrnhol ...... 49 

Water . , ... • ,. 88 
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Conversely, bf increasing the pieMUM to wUeli flnids are 8at>jected, their 

boiling points are raised. Of this, the well-known Papin's digester aflbrds an 
example ! in this contrivance w atf^r is submitted to heat in an air-tii?ht ver'sel; 
it thus becomes exposed to the intluence of an increasing pressure of its own 
vapor, and its boiling point becomes raised. 

817, As might be expected Uom the dependence of the point of eballitioii 
upon borometrio praasnie, it has been found th«t fluids boU at a lower teat* 
perattire in elevated portions than at the level of the sea. Thus, Saussuro 
found that on the summit of Mont Blanc, water boiled at 187° F. It has, in- 
deed, been prnposed to measure the elevation of mountains by ascertaining 
the temperature at which water boiled on their summits, and an instrumrat 
WM eontrtved for the purpose by Aiehdenooii WoUaMoiL It hns been fintnd 
that the boilmg point of wates falls 1® F. for every ascent of d30 ibet, equal 
to a difference of 0*589 inches in barometrio piessure. 

818, The production of ice bf the pvnpomtion of wnter (SI 5), is well 
shown in an elegant contrivance of Dr. Wollaston, whicii he termed the cryo- 
phorus or frost-bearer: it consists of a tul>e bent twice at right angles, and 
furnisihed with a bulb at each end. Enough water to half Ull one of the bulbs 
is intiodiicedf and after being made to boil Tiolentiy Ibr a few minutesi tfae 

oonteina a qratntity of water confined in fig. 364^ 

vacuo, or rather in an atmosphere of aque- 
ous vapor. If the empty bulb be placed in 
a freezing mixture, the vapor wiii be con- 
densed, and a Taooum being thus resloiedt 
pan of the water in the other bulb will be 
evapoiated, and will distil into the cooled bolb^ leaving tfao test of die water 
converted into ice. 

819, Although at ordinary pressures water boils at 212°, yet slow evapora- 
tion will g<> on from its surface at any temperature, even below freeaung 
point. The vapor thua evolved mixes with, and is, as it were,' dissolved bjr 
the air, which consequently is never absohiteiy diy, but always oontains m 
certain portion of aqueous vapor. If an excess of aqueous vapor be evolved 
and mixed with the aii^ the latter will hold in solution, or at least in a state 
of intimate mixture, a quantity vnryinpi: with the temperature. The M^nrmer 
tlie air, the greater, cedent paribut^ the proportion of watery vapor it can hold 
in solution. 

S20. When the air is latnrated with moisture^ the elasdcily of the watery 
▼apor is at a maximum ibr a given temperature. The figures in the ibllow- 
ing table express the elasticity of v^atery vapor at diflforeat temperatures, in 
fiactions of inches of mercury it is capable of snptpoffting* 

32 






Foroeof 




Foice of 
vapor. 


t 


Foroeof 
vapor. 


Temp. 


X 0tC6 Of 

▼apor* 


320 


0-200 ' 


49 


0363 


66 


0-635 


83 


MO 


33 


0-207 1 


50 


0-378 


67 


0-655 


84 


114 


34 


0-214 


51 


0-388 


68 


0676 


85 


117 


35 


0-221 


52 


O401 


69 


0^98 


80 


1 1-31 


36 


0929 


53 


0*415 


70 


o-7ai 


87 


194 


S7 


0937 


54 


0429 


71 


0-745 


88 


128 


38 


0245 


55 


0443 


72 


0-770 


89 


1-32 


39 


0-254 


56 


0-4 5S 


73 


0-796 


90 


1-36 


40 


0263 


57 


0-474 


74 


0 823 


91 


1-40 


41 


0-273 


58 


0490 


75 


0851 


92 


144 


42 


0-283 


59 


0*507 


76 


0*890 


93 


1^ 


43 


0.294 


oO 




77 


irWlU 


lr4 




44 


0-305 


CI 


0-542 


78 


0-940 


95 


1-58 


45 


0-316 


62 


0-560 


79 


I 0-971 


96 


1-63 


46 


0-328 


63 


0-578 


80 


1-00 


97 


1-68 


47 


0-339 


64 


0-597 


81 


104 


98 


1-74 


48 


0351 


C5 


0616 


.82 


107 


99 


1-80 



821. it is often of importance to ascertain the quantity of watery \^p<jr 
praaent in ihe air, and for this purpoas wioiu inatnunents termed hygro* 
meters liaye been cooa t m c ted. These iDStniraents depend for their aetioa 

-either apon the expansion of some bodj capable of being readily affboled If 

moisture, as hair, whaiehfjnr-, catgut, &c.; or upon a thermomotTic arrange- 
Tnent by whirli t!ie temperature at which iho vapor begins to be separated 
from the air as dew, can be determined. Of these the first class are seldom 
-worthy of confidence, as being incapable of afibrdiug correct results. The 
■eeoad claaa of instroments are now adle^ employed. 

822. The simplest mode of determining the amount of watery vapor in the 
air is to carefully cooi (by dropping ether upon the lower part of it), the batb 
of a goo<l thermometer, and watching tlie instant that a riiiL' of dew appears 
upon Its upper pnrt The temperature as indicated by the liiermometer should 
be then careiuily noticed, as it constitutes what is termed the dew-pointy or the 
temperatnre ai which the atmosphere would he satniated by the quantity of 
watery vapor preient in the air at the time of the obaervation. By refeieoes 
to tablea given in works on meteorology, the mere knowledgeof the dew-point, 
enables us to ascertain the aljsolute quantity of moisture present in the air, 
and resolve many other question! coonected with the state of the watery vapor 
in the atmosphere. 

823. The el^^t hydrometer of Prof. Daniell, constructed on this principle 
enablea na to observe the dew-point with greater fwa^ty than any odier tbav* 
mometric arrangement; although with care, it may with tolerable aoeniaoj 
be determined by a sensible thermometer in the manner above described. 
As an example ; the thermometer being at 78**, it is found, by cooling the bulb, 
that a ring oi dew is deposited when the mercury falls to '10®, On referring 
to the last tal^e, we find the elasticity of the vapor of water at that tempera- 
ture ia capable of supporting the pressure of 0203 inches of mercury, ami the 
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degree of diynew mmy be expiMsed hi thennotlB degrees as 88*, Ibr 78* — 40 
■B 38. A more accurate mode of expretaing the moistiire of die aur is faf 

assuming as a etondard of 1000, the point of saturation oC tbe air at that tem- 
perature of the air. Thus, in the lest example, the proportion of moistaceia 
the air is to the quantity present if saturated, as 280 is to 1000: Ibr 

Elasticity of vapor at 780 Elasticity at 40* 
Q-940 : 0-263 : : 1000 : 280. 

824. Another forni of hygrometer is founded upon tlie fact of evapocatioii 
taking place with grater rapidity in dry than in moist air. This is known as 
the *' wet-l>nlT> hy«^ometer," and consists of two delirnte mercurial thermo- 
meters j»laeed side by pi'le, the bulb of one being covered with a piece of 
white silk. The coated bulb is kept constantly wet by allowing water to drop 
slowly upon it, whilst the odier is dry.* Tbe e?aporation of water from the 
wet Mb prodooes a depression in tiieodmnn of mereury in the thermometer, 
and when this has attained its maximum, the degree at which the raerouiy 
stands in both thermometers should be noticed. The elasticity of the vapor 
at the dew-point is thus calculated by the folk>wing Ibrmala of Dr. Apjohn; 

88 ^ 30 

In this formula, /^^ denotes the elasticity of watery vapor at the dew-point. 
s elasticity of vapor at die temperature of the air (700). 

d SB depression of mercury In the wet-bulb thermometer. 

88 = a co-efficient dependent upon the specific heat of the air and the la- 
tent heat of vapor. 

p = the pressiure of the air at tbe time of the observation as shown by 
a barometer. 

30 V mean harometrte pressure. 

825. The cbemioal agency of heat is of the highest importance, as wldt* 
out its aid a very large proportion of die results of modern chemical inves- 
tigation'' must hnve been for ever concealed from us: the student will find 
this matter treated of in all w orkson chemistry. But there is a peculiar action 
of heat which has not yet been sufficiently investigated, connected wuii its 
power of producing chemical decomposition ; one KCisalt of this action will 
occupy onr attention in another place (chap, xxx.) 

826. Mr. GroTO has, in a late very important oontribntjon to the Royal So- 
ciety, shown that at a considemble elevation 
of lemperatfire, the compound ^ses or 
vapors arc resolved into their constituents, 
as ii tiie leiudsive power of heat had been 
sufficient, not only to separate molecule 
fiom molecule, but eyo^ to rend their con- 
stituents from each other. He found that 
an intensely ignited piece of platinuni, iri- 
dittm, or silica, plunged into wnter, decom- 
posed the evolved steam into oxygen and 
hy d rogen. The best mode of showing this 

beaudfttl ftct is by bending a tube into die shape A«i having a platinum wire, 
SC, soldered with its bulk The whole is filled with water and allowed to 
rest in a vessel of water. On connecting sc wiUi a battery of two nitric acid 

• To the elaborate little work of Mr. Glaisher, of the Royal Observatory, on the Dry 
and Wet-bulb Thermometers, I fieald refer ths itudent Ibr every possible uifonasnoa 
eeaaestsd with this safcyeet. 
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eellt C409\ <h« w^ter in the \m\h will soon boil; it will become filled with 
Hcanilsild the wire tiavereing it becntnin- red-hot, will decompose the steam 
into oxygen nud bydiogeo, minute bubbies ol' which will rise through tha 
water. 



CHAPTER XXIX. 

BaHamt M, 8tt7, Jt^Udti to m fieiu, 829. Proportion reflected by diffmrt^ 
heim^ 831. Im^ dindnvtitm, 832. Seat of radiation, 833. Leslies eyj^x* 
fneitfi, 834. Connection of cooling and radiating pmrers. 835. Jbsorption^ 
836. Terresfrial heat, H'^H. JJew and hoarfrost, 839. Moser s figures, 640. 
Thermography, 841. DiaXhermancy^ 844. Thermo-muUiplier, 846. Tabk^ 
duUJiermanom bodies, 846. PropaHtt of rodt^aUt 847. Effects of termm^ 
848. JMradhn of heat lAnwf A knm, M9^^anugh pritmi, 850. Ref^wmgt' 

' bUiiy of heat^ 851. Separation of light and heat^ 852. Polarization of heat.—^ 
hjf tourmalines, 853 — by mica, 854. Preparation of mica plates, 855. Pn^nri- 
zation hy rr fraction and reflection, %^^). Depolarization of heat, ^fil. Circular 
polanzQtion^ b59 — by refraction^ 860 — by iniemal reflection^ 801. 

827. lar the preceding chapter, the general properties of heat, in comUmF 
tion with matter, or rather of heated hodies, haye been discnseed. We have 
now to regard this agent as independient of ponderable matter, moving thiough 

apace like light, and when unaccompanied by the latter, invisibly. 

828. Every one, when standing near a fire, must be aware that be feels a 
sensation ot warmth, and consequently, thai if actual heat does not pass iix>m 
the lire to him, that some cause, perhaps Some undulating motion* must ema- 
nate from it» and which, on reaching his surface, excites the sensation of heat. 

, In the following accountof the properties of radiant heat, it must be recollected 
ftOiX the latter word is generally used to express the effects of those undulatin"^ 
movements of ether which excite the Fen-^^atioii of heat, and not as reli rrmu 
to any form of matter. In this view, also, a ray of heat must have a deiini- 
tion analogous to that already given of a ray of light (562). When n heated 
hod7 is exposed in the air, or in a vacuum, it continues to evohre mys of hent^ 
until it attains tile temperature of the surrounding medium. These rays pa^ 
off in straight lines, and obey the law of reflection precisely like light (56G). 

829. If a liented body, as a red hot iron bnl! a (fig. 366), be placed in the focus 
of a concave metallic mirror a, its radiant heat will pass from it to the mirror, 
and be reflected from it in parallel rays (572). These, if collected by a second 
mirror c, placed ten or twelve leet fiom the first, can he easilf brought to a 
ibcus, and the bulb of a delicate thermometer n placed near the latter, win 
he immediately acted upon by the reflected heat, the fluid falling in the tnbeu 
In this manner phosphorus or gunpowder may be eoi^ily inflnmed at a con- 
siderable distance from the source of heat, by coneentratiiig the caiori^ ra|r% bj 
means of a metallic ooncave mirror. 
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830. If a mats of ice be sul^stituted for the hot ball, the tbennomelerin the 
ixsus of tli»^ sf-oond mirror will indicate a depression of temperature. This 
has been erroiicdu'^ly Hs«nmed as an illustration of the reflection of cold rays, 
which in iact have no exij»tence; cold being merely the diminution or absence 
€€)tmL In thb anmngemeDt cf the experiment, the ball of the thennometer 
hmag warmer than the ioe, pfaiys the iwme part as the red-hot iron did (829) ; 
itgttes up its beat, which i« reflected by the mirror in whose fboos it it 
placed, and renrhiog ibe ioe^ baoonw latent (801^), in its mnirting to coavert 
it into fluid water. 

831. Reflection of heat takes place from tho surface of bodies, and, ia 
fenecal, the more highly polished these are, the more readily do they reflect 
liiM. If 100 nytiif heat be inoident, at an angle of 60^ ftom tho perpandi* 
snlar, on refleeting sni&ces of the following bodies, tlie proportion oCheai re* 
te|ed wiU be represented by the flgncas in the subjoined taUa. 
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Tbiisbed gold 
' silver 

brass • • 
Unpolished brass - 
Polished brass varnished • 
Glass plate blackened at the beck 
Looking-^aBs 
Metal plate blackened 



62 
62 
62 
41 
12 
90 
« 



832. If heat undergoes reflection ummediatdy from the surface of good re- 
flssknii it aoavoely seeme to be aflesied by the space it may happen to tin* 

Terse, except in being slightly diminished in quantity the absorbing power 
of tlie medium throuf^li which it passes. If, however, heat be oommiinicated 
to a bo<ly, and radiate from its surface, it then, if examined at different dis- 
tances from the radiant body, will be iound lo decrease as the squai:es of the 
distance, Uke light. «. 

899L Badiatioo, or the poiper of ihmwing off the heat eommnnlcated to m 
body,dhies not take plaoe abeolntely from the surface, but at a minute diwta n cg 
beneath iu On this account the state of the surface of tho radiating body ma- 
terinlly nffect^ its radiant power, probably from ita interferiag with, or facili- 
Vi^iii^ tlie escnj^ie of heat from a point immediately beneoih it The general 
kiw« oi calurUic radiation bare been rao^ amply inrestjga^ by ^ii Jtihn 



Digitized by Google 



Larik, and we m iodebtad to him Sac moat of tbe Joiowledige wepoBsewon 
ibis subject. 

834. The raiiiant power of bodie* is convenieniiy ejLairiined by replacing 
the hot ball m the focus of one of the conoave mifion (829) by a e«b» «■!»•• 
tar oftla flUed with bat water. The angles of this caoisier shoold be pto- 
Tidad with gioofvet» ao that platai of the body whose ndknt powers are under 
axaminatkm can be slipped in. Or the sides may be painted with differf^nt 
substances, as lamp-hlack, white lead, &c., if the radiant powers of Fuch b<j«lit 3 
are to be determined, lii every case, that side of the canister which is co- 
vered with the body to be examined, must be turned towards the sorfrea of 
the minor in whoaa Ibcos it is placed. The indksatioiia of dia thermometeT 
placed In the jbeus of the aeeond mirror, bicm^ie a measure of the radknt 
power of the substance under examination. The radiating power of Iamp» 
blnck is the most considerable of all bodies, and is asstmied as tha standaid 
of Gompazisoa wiili others ia the £>Uowizig table: 



Lamp-hlack • . - • 100 

Writing-paper - - • • 98 

Crown-glass - - - • 90 

Ice - - - • • 85 

Redlead • - • - • 80 

Plamhago - . - • . "TS 

Tarnished lead . • - - 45 

Clean lead - • • • - 19 

Polished iron • • • 15 

Other bright metals - - - 12 



As a genera! nde, for the same substances, the radiating power is dimin- 
ished by even slightly comi)ressing their surfaces, as by polishing, and in the 
ease of meial^ is increased by tarnishing or oxidation. 

835. The rapidity of cooling of bodiea depends greatly upon the radiatiaf 
power of the substances of which thef are composed. Leslie filled « pollabed 
tin globutar vessel with hot water; it cooled down to a certain tamparature, 
as indicated by a thermometer, in 156 minutes. On repeating the experiment 
after covering: the vessel with a thin layer of lnmp-l)!Lic]:, it cooled tfown to 
the same point in 81 minutes. Thus the rapidity of cooling was nearly doubled 
by increasing the radiating power of the surface of the vessel. Count Rum- 
ftid allowed hot water to coo! in two polished brass cylinders^ leaving coa 
naked, and covenng the other with a fold of linen. In the former the water 
cooled 10 degrees in 55 minutes, whilst in the latter it lost the same amonot 
of heat in 36^ minutes. The good radiating surface of the linen thus accele- 
rated the loss of heat For a similar reason, vegetable infusions, as t^n, ere 
best prepared in bright meiaiiic vessels, as an eartlien or black lea>pot radiates 
a large amoimt of heat In heating iboms with tobea of lioi^ir or steam, their 
suiftaes shoakl be roughened or blaekenad, to fadlitata the radiatkm of heel 
into the apartment; whilst that portion of the pipe employed to oosivej the 
source of heat into tlie room should ha kept bright Or polishadi 10 prevent ua> 
necessary loss by radiation. 

836. iSodi^s which possess a high radiating power, also, in general, arc cu« 
do wed with another property no less important, that of abtorlnng heat ; and, as a 
fsnaral rule, whilst the bsstrlffdiaiota ara the worst lefleeiors, they are the , 
best absorbers. When a body has thus absoihed heat, it a^in diffuses it hgr 

a secondary radiation. In the experiment of the two mirrors (8^) it is 
Ibund that the metallic plates of which they are composed do not become 
sensibly heated by tlie rays from the red-hot ball inipiii^'itiy; upon them. But 
if Aais rejecting concave iturikces were covered w^i^ laruu-biuck, (he piifitlt 
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aMBHtetefcall woaUbflOOroe hot from the abaorption of hm/t, ami mnoB^ 

any would reach the second mirror. The btackened sur&ce would, how* 
ever, continue to radiate the hnnt n>^quired Ihlili the ball UlUai its tflWipfTltinflt 
is reduce*] to that of the auwu^j re. 

837. The color oi a Ijody appears to exert a considerable iofluence on its 
•baoiinDg power, and tbo darker the tnit tiM more nedilf doea the hodjr 
absorb heaL This ia famiiiatly in imrate d faf Dtr. Ffanklin'a experiment ef 
pteing on the surfiwe of snow several pieoee of cloth of different oolkm. On 
examinintr them in n "hort time after, the snow will be found to have melted 
in very dillereiu pfojxifliuns under the pieces of cloth, having melted ji^ the 
greatest quantity under the darkest pieces, as shown by their having sunk 
ID die gieetett depdw. 

838. The solid oner of our eeidi owes lis waraidi te vluit is termed fM^ 
n t lfiat heaU for wfaiok it is not indebted to the san*s Wf% but to some tntenml 
Cfiuse. So far as researches have extended, it appears probable that the tem- 
perature ot ihe earth increases one degree (Falireoheit) for every 60 or 70 
feet we de8cen4 beneath its sorface, so tiiat at a depth of a few miles the 
maw of the earth must be actually red-hot. A large proportion of the terres- 
trial beat is radiated into speee, aad benee the temperature of the air de^ 
eieases as we ascend to any elevation ; this dimintition of beat is also one 
degree for e^ery 290 feet above the level of the sea. From repeated obser- 
vations it appears that the mean or jn erntre temperature of any place corre- 
sponds to the heal of the earth examiaed oU led below its surface. The lines 
connecting all the places on the surface of the globe possessing the same tem- 
pewture are called wMhtrmtd Una. Such Vmtm are not j^rallel to the eqtmtor 
as they ought to be if the temperamre of the earth aloae depended on solar 
radiation, but they really Ibtm « series of imgiilar otmresi wbidi in Europe 

incline most to the north. 

839. During the n\\i\\i the temperature of llie air is always many degrees 
colder tiiaii in the day. Tlte earth, therefore, radiates into space a portion of 
die beat it bad absorbed in tbe day-time. Tbos becoming cooled, a depo> 
iiiioa of the aqneoos vapor of the air takes phuse upon its smrAoe, aad ia 
familiarly known by tbe name of dtw. This, in cold weather, fteezes in the 
act nf being deposited, and constitutes hoar fro^t, whirh i? the ice of dew. 
The greatest quantity of dew is always Ibuii I dejx -ited on that ])ortion of 
aoy surface which radiates bestj hence a meadow will olten be found covered, 
whilst tbe smooib load bf its side is nearljr free, in oonseqnenoe of grass 
HMliaiing fleelf . If a poli^ied plate of meial be expossd at njgbt bf tbe side 
of a i)lece of woolen clodi, the latter will, in the morning, be fimnd oormd 
with (\f\\% vliilst the badly radiating metal will be free. Deposition of dew 
may be readily prevented by opposing any obstacle to free radiation; every 
gardener is aware that he can prevent the deposition of dew over a portion 
of ground, by merely supporting over it, by means of slips of wood, a tliia 
sleib or faandlteicliief, which prevents tbe ftee tadiatiott of bsnt fiom tbe 
sarftee Ibns proieoted. Tbe demonstration of the real sooioe of dew and 
hoar-frost we owe to the researches of Dr. Wells. 

840. Tfie eonnectinn of tlie state of surface with a tentleney to the depo- 
sition of vafxir is weli shown in the curious phenomena discovered by Prof. 
Mi3«er, and known as Mdser's figures. To observe these, place a coin upon 

sarfrce of a pieoe of Jooking-glats, or of eommoo glass, having tbe back 
epvered with tin-fiitU and allow a few sparits to fall upon tbe coin ftnm tbe 
prime conductor of an electrical machine. Quickly remove the coin, and 
?^ntly bremthe over the surfaeeof the glass, when theotitlineof the impression 
on tlifj! coin will become beauiilully detiiied upon the glass in drop^ of watery 
vapor. If a series of plates are super posed, and the coin placed upon the 
upper one, and sparks allowed to All upon it, the upper surAoe of each plate 
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win MflenC MlM phWKWi ai W Whwi lareathed upon. These fipires may be 
lendered visiWe, bf expawre to the vapor of iodine or mf>rcnry, qiuie a? weM 
as bjr breathing ^n^n them. Similar effects have been shown, by Mr. Hun^ 
to result when a cm, gently heated, is allowed to rest on a plate of poliilied 
ailver •. on remuving it and breathing on the plate, or exponng it lo the irapoc 
of mercury, the fignie Of the ooiii will be iwideted bem«^^ If a 

ihfllfog be aHiyw«d toieston a looking-glass for some time in the sun, and 
be then lemoved, a lolenbly distuiet ontUne of the coin will appear on gently 
iH'eathin^ on the glass. , 

841. The condition of surface of body on wh»ch the vapor is deposited 
(840) is owing to the radiation of heat from the coin or other body plaeed on 
it Founded on these curione BWee we have the art of Thermography, ta 
whMi atientioa haa been especially directed by Kr. Hnnt He found that to 
obtain a good image, the anperposed body must be composed of a different 
material from the plate on ^vhich it is placed. Thus, when a sovereign, a 
shilling, and a pf^nny, are placed on a polished copper-plate, the latter gently 
wanned by passing the flame of a spirit lamp under it, then allowed to cool 
and the coins removed, beautiful piotores ' of Ae aovereign and diilliog ap- 
pear on exposing the plate to the vapor of meieniy, whilst a eeareeiy Tiaible 
image of the penny will be obtained. 

842. Pieces of blue, red, and orange-colored glass, of wlnt«s crown, and 
flint-glass, mica, and paper, were placed on a plate of polished copper, and 
allowed to remain in close contact for half-an-hour. ^ On removing tiiern, and 
exposmg the plate to the vapor of mercury, distinct images of the red, omnge, 
flint, crown-glass, and paper were obtained, whUet the blue glasa and miea 
liad scaroely made any imprenion. 

843. A plate of copper is amalgamated so as to present a brilliant reflecting 
surface by rubbing it with nitrate of mercury, a sheet of printed paper is 
placed on it with the letter? flnwn wards, and pressed in close contact by seve- 
ral folds of paper pressed by a weight. The whole should be allowed to 
rest on a warm surface. In half an hour the radiation of heat fkom dre black 
lettets will have produced a marked althongh as yet invisible efl!^ an the 
•nrlhoe. To render this obvious, the plate should be exposed to the vapor of 
mercury, which will adhere to those parts which corresponded to llie white 
portion of the printed paper. It should next be exposed to the vapor of 
iodine, whieb will hhu ken the parts to which the mercurial vapor has not 
adhered, and a beautiful copy of the printed page will result. 

844. Radiant heat becomes absorbed in part in traversing flie most tmna- 
fMurent media; it ia supposed that the heat of the sun loses oae>fllih of hi 
intenrity in traversing a oohimn of air 6000 feet in length. It must not h^, 
however, ?npposed, that those media which are the most transparent with 
regard to light, possess the same property with regard to heat. Indcetl, it haa 
been sansfactorily proved, that a piece of smoke-quartz, so thick as to inter- 
cept the passage of a considerable portion of light through it, yet allowa the 
passage of nys o^ heat which are entirely checked by even thin ptates of 
abeolutely transparent alum or oitrio aoid. Media which allow of the free 
passage of heat, are termed diathermanmtf^ and those which have not this 
power arc said to be athermanout ; the term diathermanous being to heat what 
diaphanous is with regard to light 

845. Heat, like iigiii, is not only absorbed by certain media, hot admits of 
single and donble refraction, plane and oiioular polarization^— properties fiv 
the discovery of which science is almost exclusively indebted to the laUotof 
M. Macedoine Melloni, and of Professor Forbes of Edinburgh : the latter 
philosopher is the discoverer of the plane and circular polarization of hem. 
The application of a delicate thermo-eiectric battery (519), in which an eieu- 
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trie ewient oapftble of being meamied when einttlatiiig tiuongh the coil of « 
well-coQStnioted multiplier (468, 514), is excited bgr Tery minnte altentionft 

of temperature, has been the main source of these curious disooveries, by 
enabling the philosopher to df^tect <"}ianges of temperature otherwise utterly 
inappreciable. The most complete apparatus of this kind is that used by 
Prof. Forbes (fig. 367). 

The tbermo^ectrio batteiy oouists >of abont 36 delicate ban of biamnlli 



Fig. 367. 




and antimony, alternately connected at their extremities', and sepnmteJ 
laterally by folds of paper or otlier non-conductor; the wIioIp is packed m the 
case A, and supported by a stand, so as to be movable in any direction. The 
bent wires c ate oonnected with the terminal elements of the little battery, 
and connection is thus readily made with a delicate multiplier n, whoBe indi- 
cations are examined through a telescope i, so that in this manner deviationa 
of the needles to the extent of a fmction of a degjee are easily observed. 
The battery is so minute, that the section of a presents an area oC only 0.4 
inch. The rays of heat are frequently concentrated on the tliermo electric 
apparatus by means of a conical metal reflector B| and so delicate is this 
apparatus, to which the term thermo*moltiplier is conveniently applied, that 
the mere approach of the hand towards the mouth of a, will excite a carrent 
capable of deviating the needle from its position through several degrees* 
When observations are made with ih\^ instrument, it is usual to interj^ose a 
screen of wood or pasteboard between iho source ofheatnnd the luoiidi of b, 
or extremity of the battery, if the rcficcioi id not used, and lo remove it at 
the instant all is artat^^ for observation. 

846, Diathermanous bodies differ much, not only in their power of trans* 
mjtf^ng radiant heat, but also in their facility of allowing heat from different 
sources to permeate them. In general, heat accompanied by li^iht is capable 
of penetrntin}^ most diathermanous media, whilst the myso{ dark heat, ns those 
emanating from a metal healed below redness, or from boiling water, are 
checked by many very transparent bodies. Solar heat again readily passes 
through glass, whilst the luminous beat of a bright fire is almost completely 
imperceptible by a plate-glass acreen. The following table presents the results 
of Melloni's experhnents on the power of plates of the fiillowiog bodies O103 
inch in thickness to transmit heat. 



Name. 



Rays 

Ibllowing sources of heat 



llock salt 
Fluoride caldttm 
Iceland spar 
Plate-glaaa 

Borax 
Citric acid 
Aiiitn 

Sugar-candjT 
Ice 



Oil laniD 


Red' hot pla 
tinum. 


Copper at 1 
732® 


Copper 
i 212^ 


09 


93 


93 




78 


69 


42 


33 


39 


26 


6 


0 


39 


24 


6 


0 


18 


12 


8 


0 


11 


2 


0 


0 


9 


2 


0 


0 


8 


0 


0 


0 


P) 




0 


0 



14 



847. Of tbe nine flubetaaoes in the above table, five are penneable bf daik 
and lomsnona heat, hut in veiy difieient proportions; the other four are dia- 
IfaetinanoGa to luminous heat alone. Of all bodies hitherto discovered, rock- 
salt tranfrnits most of the incident rays of beat, hence it must be regarded as 
the irtte glass ot radiant heat. The oil-lamp used in these experiments is a 
very steadily-buriiingoue, with a square neck (Locatelli's). The iiicandeaceul 
platiaum consisted of a ooil of wire of that metal ignited in the flame of a 
•piri^lamp| and the oopper used aa the other aouioes of heat was blackened* 
, 848. Ailer the calotifio rays have traversed a diathermanous body, thcff 
appear to have undergone 5^>me physical clmn^z^e, for if njruin allowed to ThU 
iipon a second plate of the same body, a much larger proportion of tlieni tra« 
, verse it. It tlius would appear, tiiat in the act of passing through a inetlium, 
the rays are divided into two unequal portions, one of which is absorbed and 
the other tfanamitied; and thna, nfUd fnxn the readily absoiliable rayt, the 
tmnsmlded ones are better able to traverse a second portion of the same 
medium. From the last table we learn that but 9 per cent, of rays emanating 
from an oil-lamp are transmitter! by a plate of alum, but if these transmitted 
rays be allowed to fall ujxjn a st fond plate of this snbstance, 90 per cent 
will permeate it, and con^quently but lU, instead of 91 per cenL, be ath 
aorhed. On the olher hat\d, Melkmi finmd that a slice of a green toorma* 
line tmnsmitted 18 per cent of the calorific mys incident upon it, whilst it 
allowed but 1 per cent, of heat which has passed thxoagh alum to traverse 
it, thus intercepting 99 per cent. Tlie same sliceof tourmaline, although thus 
nearly impervious to heat sifted tliiTuiL'h alum, yet freely transmitted 30 pet 
cent, of the rays which had previously passed tiirough black glass. The 
cause of these physical changes is found in the unequal refrangibility of calo- 
liflc rays (851). 

849. Calorific mys are capable of refraction through prisms and lenaae liira 

light In experiments of this kind, however, the reflecting medium must be 
oom[>o«e<l of a substance capable of readily transmitting heat; and for this 
pur[^osc rock-salt is almost the only substance that can be employed, the extra* 
ordinary lacility with which it transmits more than 90 per cent of incident 
heat, rendering it to the latter what glass is to light 

If a convex lens be made of transparent rock-salt, it will with fiusiUty bring 
radiant heat, of even low intensity, to a focus. The heat from a vessel of 
boHiug water can thus be brought to a focus by a salt lens, with n<» much fs*. 
ciiity as kuuitious rays are by a lens of glass (593). The superior inteoaiqr 
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convex lenses of glass, and theroominon buraing^glaM aflbids an ot 
aoUkT heat beinpj brou??bt to n fncm with the light 

850. If heat be incideat la a rock-salt prism, it is like light resolved into a 
seri^ ol rays of unequal refrangibility (606), and an invisible calorific spec* 
tmm is the result. The diapersioa of the zays of heat is, however, much 
Jeaa than that of light under aittiUaf droumMaBoet. 

The reftaction through a prism may be readily ahowa hf die following ar> 
rangenient, in which the calorific rays, emanating from n vessel of boiling 
water a, after passing throu^'h ari openinp; in a screen d, are incident on a 
rock-sail prism b. These undergo refraciiou, which is detected by the ther- 
mo>multipUer c j the inddent rays being bent in their course by the action of 
thaprJaia. 

Fig. 368. 




851. When calorific rays emanating from dififerent sources are incident on 
die prism in d»8 apparatus, it it fiwnd that tlie angle of their foioidenoe must 
be diangBd fay moving the loiinse of beat to get the imudmnm action on tbe^ 
galvaiiometer ; or, what comes to the same thing, the position of the latter 

truest be sligVitly altered. The explanation of this is readily found in the un- 
equal refrangibility o{ rays of heat. Thus Melloni found that tlie heat fnim 
incandescent platinum was refracted more than that from a hot plate of black 
copper. 

852. Admitting the ezSstenee of mys of heat of nneqnal refhmgibility, vte 

have a key to the phenomena befi>re alluded to in the physical alteration pro- 
dnced in heat aAer traversing screens of tlill^ rprtt bodies (848). Thus, rock- 
sait allow s rays of all refrangibilities to pass in equal proportions, a plate of 
aium intercepts all, save the least refrangible rays, and, as might be expected 
when these rays are thus nfied from the-others, they can with greater facility 
tmveiae a aeeond plate, Melloni oovered a plate of rosk-ealt with soot, and 
loirad that only rays of the highest refrangibili^-could pass, becoming to heat, 
what violet-colored glass is to Hght, and by combining with this a plate of 
alum, which refnees to transmit any but the less refvangi!)le rays, ail heat 
was absolutely stopped, the combination becoming absolutely atherraanous or 
opaque to heat. When a plate of altun is combined with one of green 
glass, the brilliant light of a lamp, or even <tf die sun, is readUy tmnsmittedy 
but their heat is absolutely stopped. An experiment which tfaows vety satis* 
factorily the independence of light and heat. 

8f)3. Rays of heat are capable of being polarized liy prcx-'csses analogous 
to those in which this physical chnn^o is protiuced in light (660). These 
phenomena were first discovered by FiuL 1 urbes. 
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« 

If m of heat be wCViicted tbroagli m Twy Ain plate of brown tonrma. 
yno^ It eili«fies fwtlf polarized in one piano, the polarisation lieing never 00 
complete as whm !i2bt \^ similarly trcntpd. If the emergent ray be incident 
upon a secon 1 ?nnilar plate, it wiil be partly absorbed, and the rest transmuted 
or (H-porsed, according to the position of the axis OT the secstion of tourmaliaft 
W heu the axes of the two pletee are peiellei, a ooiMidemblo porlioii of the 
heat patws ifae eeoood plate» and wamf be neaMred by the thermo^multipliw. 
Bat if the axil of the second plate be at right angles to thut of the first, the 
p«Bt majority of this hmt will he stopped, and not reach the irujitiplier. By 
eoroparing the qnantitv of heat which reaches the tnultiplier when the axes 
of the plates are parallel as compered with that which reaches it when they 
are crossed, the proportion of heat polarised bf the llist tommmliBe way be 
ascertained. If one hwidied lays fiom incandeecent platinmn seaefa the 
multiplier, when the axee of the tonrmalino are paiaUelk 76 on^ paae when 
the axes are crossed, hence 24 are polarized. 

854. The most satisfactory evidence of polarization isobtinned when plates 
of mi(» arc used instead of tourmaline. These should be split extremely 
thin, and a iilm should be ignited for sometime in a clear fire, ^theactioa 
of heat, the film becomes split into immmetable lamiue^ and then is capable 
of exerting an exceedingly powerfnl polarizing power on heat and Ught 
These ignited films need never be more than y^^n inch in thickness, and 
should be placed in woodoD orpasteboazd tubes to allow of readily maaqNi* 
Uting with them. 

855. The film of mica thus prepared should be placed either in the wooden 
tube, or on soles of thin wood, so that the rays of heat may be incident upon 
them at an angle of about 94^ to their sorAca When beat is incident upon 

Fig. 369. 

one film placed as shown at a in the direction c, a large proportion of it 
emerges polaiiaed, and this will be either transmitted or checked by a second 

inclined plate according to its position. It will be transmitted if the plates are 

parallel, as at fig. 1, and checked if they are crossed as in fig. 5, jn?t as would 
happen to light under similar circumstances. In this manner the foUowing 
proportions of radiant heat Irurn different sources may be x>olarized : 

Argand lamp - • • • 82 per cent. 

Incandescent platinum - • • 79 

Brass heated to 700* • • - 68 

The heat from ditto transmitted through glass 73 

Boiling water 49 

85C. Prof. Forbes succeeded in polarizing heat by refraction through thia 
inclined plates cf rock-salt, just as light is by glass plates (675) ; when heat 
was incident at 55^ to the surflwe^ he Ibund that with three*platesoneHteventh, 

and with six one-half, of the incident rays were polarized. 

When plates of split mica were armnp:ed so as to reflect incident heat at 
an anc^le of 56^ to the perpendicular, heat was polarized in the folio wing 

proportion : 

From mcandescent plaUoum • • 65 per cenL 
Brass at 700^ * • - 61 

Aivmd lamp . • • • • S5 
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Thm Imt vemdtB m eiqplained hf fte aag^ of ioeidem pvobebly ap- 
prosfdiiiig nearer to the polaijziDg angle for hM nidi&tiiig fvom Ted-hot plati* 

ijiim than to ihnt of heat from the two other sources, as Professor Forbes has 
succeeded in proving that heat of di^erent reif angihiuties is unequaliy poteu> 
izable. 

857* We hare learnt that polarized light is prevented reachin|< the eye by 
evDsaiog the toomniioes (668); and, if veAeeting platea aie employed, by 
placing the planes of lefleotioii and polarization at Tight angles to each other 

(670). If a thin plate of mica or selenite be placed between die polariamg 

and analyzinET plate?, it causes the polarized my to nnder^o a physical change, 
termed (Ivpoianzation (685), by which its plane of polarization is altered, and 
It IS enabled lo undergo reflection and transmission, producing a brilliant dis- 
play oC eomptemeniBif oolora. Pjredteljr analogoiis phenomena ooonr in the - 
oaee of polariseed heat, and are leadily detected by the tfaenno«tiultiplier, as, 
of course, no vitibU effects occur, as in the case of light 

85S. The depolnrizinf? effects of a thin film of mica are best observed, on 
account of llie ^^rent (liatherrnancy of this substance. For this purpose, let 
the heat radiating irom uny some e, a? a coil of platinum wire ignited by the 
flame of a spiiit-lamp s, be polarized by refraction, through the inciioed him 



of mica a, in the manner before explained (855). These rays will be partly 
intercepted by the second mica plate a, so that but 21 per cent, will reach 
the thermo-multiplier (d). Having obBerved the effect on the galvanometer, 
piodueed by these transmitted rays, place between a and b, a film of mica c, 
and if the neutral axis (685) of the film be inclined to the plane of polariza* 
tion of the rays of heat, an increased effect will be observed on the multiplier. 
Thi? arises from the plane of polarization of the heat refracted through a, 
being altered by the doubly refracting film of mica c, and thus a portion of 
the heat previously checked by b, becomes enabled to traverse it. la four ex- 
periment, Frafesaor Forbes ibund thai the proportion of heat thus depolarixed, 
when the nentnl axis of the film was inclined 45^ to the plane of polarization, 
compared with that which reached tlie theraio*multipUer when it corresponded 
to that plane, was as 

126 : 100 120 t 100 120 : 100 11.'^ : 100 
When the principal section of tlie mica c corresponded to the plane of polar- 
ization, no depolarizing effect was exerted, precisely as in the case of light 



859. The dicular polarization of heat has been effected in two modes, — hf 
refraction through an exceedingly thin film of mica, and by interna^ reflection 
through a piece of rock-salt cut in the shape of Fresnel's rhomb (713). A test 
of the circular polarization of light is found in the fact that if, whilst the po- 
larizing plates A and b (855) are crossed, so that a minimum of heat reaches 
the thermo-muldplier, a body be interposed between them, if capable of con- 
verting the rectilittear into drcnlar heat, will pfodoce such a physical change 
in the calorific rays passing through A, that 1)0 great difference of effect shall 
he shown the multiplier, in whatevte position the analyzing plate is placed. 



Fig. 370. 




(685). 
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860. A film of mica, which in ordinary polarized light appeared of the pale 
reddish-white oolor of the first order of Newton's rings (643), and which so 
fiur mtnftted widi Ibe uodiifartiona of plane polerised light as to muarkf oon» 
wt it into eiicttbur liilbt, was first employed. When introduced between the 
two sets of mica plates a and m (858), this fihn produced such a p hysk aa i 
chang(» in the heat, as to cause it to reach the thermo-multiplier in nearly 
equal proportions, whether the polarizing and analyzin;^ plates were parallel 
or crossed. When incandescent platiaum was employed as the source of 
heot, the qaantity d oirBaku-ty polmased li|^t whiclk duis passed the aDalyss« 
jag plate under the ioflasooe of the miea film, amoooted to 40 per cent of 
the whole quantity whidi would have paiaed if ▲ and B (858) were puallelt 
Mid the film absent. 

861. A very elegant niodp of causing plane polarised heat to arqnire similar 
physical properties was contrived by Professor Forbes in imitating: of Fresnel's 
mode of obtaining circular light by internal refiecLiuu (713). i oi this purpose, 
hm pmemnd a ihomb of jsocfc-saU baTkig two angles of 45*, and of snffietent 
iscgth to allow of the aroBrgsaos of a »y after two ime—d leflectjppfc Hm 

Fig. 37i. 




most convenient arraugemenl for the experiment is shown in the figure, 
where s is the source of heat, i and k are respectively the polarizing and 
analyzing mica plates (855) placed m tubes of wood, and a is the rhomb of 
salt It was (blind that when the plane of refleodba vck corresponded, or 
was perpendicular, to the plane of polarizatioii of the lay, it underwent no 
change and either emerged from, or was stopped hy K, according to its posi- 
tion. But when the plane of internal reflection was inclined 45® to that of 
polarization, it emerged from r, circularly polarized, and nearly an equal 
proportion of it passed through k, in whatever angle its plates ibrmed with 
the primitive plane of the ray. 
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CHAPTER XXX. 

TBOTOeBAPHT. 

JteHon of KgJil on silver wfti^ 863 — Colors developed by, 864. ^tdi of Ikt tfm 

trum, 865. Copying engravings by photographic paper, 866. Photographic 
camera^ 868. Daguerreot ype. Hf'9 Preparaiion of sensitive paper from salts 
of silver, 871 — 874. Aciwn of spectrum on, 875. Process for fixings 876. 
Cyanu-arg€7itotype, 877. Positive paper, S79. ExcUaLioa of latent pidwres, 
880. Coktype, 881. Jfr. Brookes paper, 882. Smtype, 883. Cfamtype^ 
884. CAroiiiotiiM^ 886. «tfii<Ao%rjN^ 887. Porotilmmc fieqfii, 888. 

8G2. TiTK chemical influence exerted by the solar rays upon salts of silver 
have been already referred to (620). These phenomena have been within 
the last few years made the subject of careful study, and with so much suo- 
oess that a property long supposed to be pecuUajr to a few argentine comUna- 
tkms has lieen fihowu to be of a much more general ctaaraoter. The labor* 
of Sir John Herschel have been among the most ioteresting and important in 
this inquiry, and this great philosopher has shown that there scarcely exists 
a combinaticjn, whether of organic or mineral origin, whose molecular consti- 
tuiion is not more or less alfected by the solar rays. The study of these 
extraordinary eifects constitutes the science o£ Photography. 

863. If a piece of paper be moistened with a solution of common salt, and 
dien dipped in one <^ nitrate of silver, a thin covering of chloride of silver is 
ibrmed on its surAuie, and it Is left in a state extremely sensitive to the action 
of light. If a piece of such paper 1>e exposed to the sun's rays, or to the 
difiused light of day, it becomes darkened in color, and assumes a brown, 
bluish, or black hue, according to the length of exposure, or to the proportion 
of silver present. The chemical change thus experienced by tlie chloride of 
silver is not yet satisfactorily understood; it, however, appears probable tltat 
a partial conversion into oxide occurs. It is certain that some important 
molecular change does take place ] for if a piece of paper thus blackened by 
exposure to light, be digested in a solution of hyposulphite of so<ln, (in which 
chloride of silver is readily s<jluljie,) it gives up but a small propoiuoii of the 
sxiver, aU the chloride which has become changed by tlie action uf the suu^ 

jajrs being Insolnbte in the sohition of the hyposulphites 

864. When a slip of paper thus prepared is exposed to the solar speetmm 
(605), it becomes most darkened in the violet ray and in the space beyond it 
occupied by the lavender band of Sir John Herschel (610). In the position 
of the more refrangible rays, the paper is scarcely afiected except that occa- 
sionally it is observed to assume a very faint tint, bearing some resemblance 
in hue to the cotored bands of the spectrum, which thus, within certain limits, 
imprint their own tints upon the paper. The followmg table shows the results 
of an experiment in which the paper was rendered sensitive with chloride of 
•Uver: 

Colored band ef speeiran. Tint iiapicssed on the paper. 

Red - • • . None 

Orange . . « • Faint brick red 

Orange-yellow - • Brick red 

Yellow . - - - Bed passing into green 
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Colored band of speotrvok Tint impressed oa tlie ] 

Yellowish>green - - Dull iKJttle-green 

Green - Ditto pa phj^ into bluish 

Bluish-green • - Sombre blue 

Blue • . • . Black pawing into metdtioyielkyir 

Violet • - - • Ditto 

BeyoDd rlolet (laTonder) Violet or patplish hbtk* 

865. The opposite eztiemlties of the solar spectram appear to exert 'wwj 
Mbrent e^ots on the prepared paper (8C3), appearing to neutmliae wiibia 
certain limits each otfaer^s eflfeots. Thus, a piece of the paper blackened by violet 
light is blpaclietl hy exposiire to the red ray. Sir John Herschel foutu! that 
when a violet and red ray were allowed to fall simultaneously on n piece of 
the paper inipreL^nated with chloride of silver, ihey nearly neutralized each 
other's eifecu*. If the changes which are thus produced in the chloride of 
siWer in common with other compounds^ are effected hf means of dcmtcol 
rays in the spectrum, we may explain this neutralizing effect to ithe inierler* 
ence of the undulations producing tbcrn. 

866. As t!ie flrtrkeninfi of the chloride of silver is confined to tliose portions 
which are exposed to light, it is easy to apply this property to the copying: of 
patterns of lace, leaves, engravings, &c. For this purpose, a piece of paper 
properly prepared (871— 886), should be placed upon a smooth surface, and 
upon it the lace, or leaf, should be laid ; a plate of glass should dien be placed 
on the whole, and pressed down with a moderate weight. By a short expo- 
sure to the sun, or a longer one to diffused day-lit^ht, all that part of the paper 
uncovered, by the lace, Sec, will be darkened in color or even blackened; tlie 
rest being protected from ihe action of light, retaining its primitive whiteness. 
On removing the paper, an exact copy of the object placed upon it will be 
Ibund. This drawing will, however, soon vanish hf the blackening of the 
whole impression, unless it is^lxisd the removal of the unchanged chloride 
from the paper. For this purpose, after soaking for a few seconds in water, 
the paper should be sponged over with a solution of hypo-sulpliite of soda, 
which, by dissolving the unchanged chloride, fixes the drawing (876). A 
solution of common salt may be used for hxing, but its action is far inferior to 
that of the hyposulphite. Washing with a solution of ferrocyaoide or iodide 
of potassium will also partially fix the picture. 

867. In copying an engraving or ink-drawing; it is obvious that the paper 
on which it is printed must not be so thick as to interfere with the action of 
light. It should be placed, face downwards, on a piece of sensitive pnper. 
and kept as close as possible by means of a plate of glass pressed down by 
means of screws or weights. After exposure to direct sunsliine for a suiii- 
dent time, the paper should be removed, and the picture fixed by one of the 
processes last described. 

868. The greatest triumph of the photographic art is undoubtecUy the 
success it has arrived at, in rendering permanent the beautiful but Heeling 
images of a camera-obscura. The credit of having first obtained these won- 
derful regiults, belongs in this country to Mr. F. Talbot, and in France to MM. 
Niepce and Daguerre, whose processes are, however, perfectly distinct irom 
each other. 

The camera (737) used in these experiments should be provided with A 
good achromalic (G2S), or at least a menucus (590) lens, of about ten inches 
focnc, and capable of adjustment by means of a pHding tube at a. The other 
end of the box should be provided with grooves, so as to fidmit a wooden 
frame c; or a pane of ground glass at will. In either case these must so fit 
the grooves as to prevent the admissioo of extianeoos light 

To use this instrument^ the end b ahould be elosed hy meaiia of die plila 
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of ground glass, for the purpose of receiving the images prodaced by the 
toos. Ou placing the camera opposite the iaodscape or object to be copied, 

Fig. 372. 

I 

its imn^e will be Tisible on the ground glass, and the lens flfaonld be •cQ*'''^ 
until it becomes as perfect and well-defined as possible. 

To copy the images of the camera, a piece of paper rendered as sensitive 
as possible by some one of the processes described in tliis chapter, should be 
fixed in the fisnie, wnd oovered wilih a wooden fllide^ so as to piot60t it from 
light Tba whole should then be introduced into the camera in the groove 
from which the ground glass had been previously removed. The wooden 
slide b^int^r then withdrawn, the images will be formed on the sensitive pnper, 
and there leave a pennauent impression. The time required for the coni^tle- 
tion of this process will vary wiiix the sensitiveness of the paper from a 
few seconds to half an^ hoar. The piotnres thns obtained most be fixed by 
means of some of the processes desciibed in this chapter. 

869. The discovery of M. Deguerre undoubtedly constitutes the most won- 
derful in the science. The exquisite beauty nf the Dn^^tprrmfype pictures, no 
less tlian tlieir remarkable sharpness of outline, has always arrested the at*^ 
tention of ol^ervers. The general details of the process are the following: 

A plate of copper is covered on one side with a thin sheet of silver, and 
ae perfect a polish and smooth aaorlhoe as possible must be given to the 
latter, by the use of dilute nitric acid, and fiktion with fine tripoli and oil, , 
until it presents that blackish lustre so peculiar to highly polished silver, when 
viewed at a eertnin angle. The si! ver surface is then rendered sensitive by 
being exposed to the vapor of iodine, which is best effected by plac im^:; at the 
bottom of a wooden box a piece of thai deal, saturated with a solution of 
* Iodine in alooliol, and testing the plate with the silver ftoe downwards, on 
two little projecting ledges In the interior of the box, so that it must be a 
eonple of inches above the iodized wood. In this manner a delicate yellow 
coating of iodide of silver is formed over the plate: this is extremely sensi- 
tive to light, and therefore must not be exposed to its influence until placed 
in the camera. The surface may be rendered still more sensitive by sus- 
pending it for a short time over an aqueous solution of bromine, by which the 
yellow color of the iodized plate is converted into a pale lose^red. These 
operations shoald be, like all prepamlory pholagtaphic processes, performed 
in a dark room by the faint light of a taper. The camera obscura being ad- 
justed to the object, the prepared plate should be slipped into the groove mnde 
to receive it, care beinj^ taken not to expose it to light during its transit from 
the room where the last operation was performed. 

In the course of a few seconds the full effect la genemlly obtained, and 
camera with the phits shcmld be removed to a dark room. The plate . 
being then removed, will appear to have undergone no visible change, the 
picture being present, but latent. To rcnfler it vi«iblr,The plate is suspenrlefl 
in a dark box over a capsule of me reu ry, [j;ently heated l)y n spirit lamf). Tim 
led'^^es which support the plate siiouid be so placed that the latter may rest 
at an angle of 45 degrees to the side of the box. The mercury wiU slowly 
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rise ia t«|por, and will ndbere in the form of extremely mimite trrny glohales 
to thof^f pnrTs of the plate ivh<™re the ]\^ht has fallen, leaving the parts eof* 
responding m the shadows of ilir- iiirtm o untouched. In this way the picture 
may be seen gradually unfolding itself, aud this beautiful part of the process 
may bs watched by the light of a taper thfoogh a litde window in thetxn. 
At toon at tbo picture has obtained its maximum of distinotneas, the plate 
BM»t be removed, and being placed in a vessel, should be covered with a 
weak solution of hypo^nllphate of soda to dissolve all the brorao-iodide of 
silver lelt unaltered by light. After washing with water, the plates may bo 
aliov^ ed to dry, and the picture is left Jixed from all further actiou of l^hL 

870. The rationale of this curious process oonaista in exposing a highly 
geotitiYe nirfiuse of iodide or bromo*iodide of silver to liglit, by which aome 
moleeolar change is effiKted in the parts on which the li^baa acted; bf 
which the vapor of mercury becomes wndensed upon those portions to the 
exclusion of the others. The darks and shadows of the Daguerreotype pic- 
tures are formed by the naked surtace of the silver shining with its full 
black" lustre, whilst the lights are formed by the gray gldjules of mercury. 
Heaee the slightest touch with the finger is soflfcieDt to lub off some of those 
adhering globules, and tlms to spoil the picture. The state of surface pro* 
diiced by the light, by which the vapor of mercury is enabled to adhere to 
particular portions only, i^^, perhaps, analogous to that which indnces the 
formations of Moser's figures with vapor of water (840). 

87 i. In giving a brief sketch of the difierent modes which have been em' 
ployed lo render paper and other bodies sensitive to &e action of the 6keantai 
lays of the speolrum (626) as they exist in ordiaaty light, it is impoftant to 
distinguish bc|ween two classes; one inchiding those which receive a direct 
and visible impression from an image thrown upon tbom; the other rontaining 
those which undergo a certain molecular change, but in which the j-k ttire is 
kUent (880), and requires the application of some reagent to render it visible. 
Aknpst all metallic salts and vegetable pigments belong to one or other of 
these olasses, some of the most remarkable of which wiH now engage our 
nttSDtion^ The eom p onnds of sHveri inchiding the distent species of argento- 
type^ are among the most sensitive, and these may be further distinguished 
into the chloro iodo-clu'omB^argMtolffpe, &0., each presenting severai poutta of 
peculiar interest. 

872. The chJbrtHirgtntotype has been already described (803), and with care 
may be prepared of suffieient delicacy to receive the impressions of (he oameea* 
obsowa (668) after a few minutes* exposure. The foUowing is one of the 
best modes of preparing an excellent paper of this kind. 

Dissolve a quarter of an onnce of nirrateof silverin two ounces of distillMi 
water, and forty grains of common salt in the same quantity of water. 

Select some sheets of blue wove post-paper, and damp theix> by pressure 
between Iblds of wet bibulous paper. Then sponge them evenly with the 
solution of salt, and having drained them of superfluous moisinTCH let them 
baoome nearly dry. The solution of silver should then be i^yplaed evenly 
over the surface (which should be previously marked with a pencil to di»» 
tinguish it) by means of a !)road flat brush ; tlie paper thus prepare*! should 
be dried in the dark, once more carefully brushed over with the solution of 
silver and again dried, and preserved for use between folds of dark paper. 

873. hda'0f^tM9pt\% exceedingly seadtive lo light, and may be prepared 
by bmshing over one surlhoe of fine paper a solution of twenty grains of 
nitrate of silver in half an ounce of water, carefully dryitit.' itj and then ap* 
plying a sokition of ten pminsof iodide of potassium in half an ounoeof ¥raiBr» 
This paper is of a paJe yellow color, and keeps tolerably well. 

, 874. Bromo argentotjfpt is, according to some, the most delicate of ail, and ia 
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piepand hf bnaS^ng orer paper a solution of 100 ^Ins of nittate of tilv«r 

in an ounce of water, and when dry a solution of forty grains of btmnide of 
potassium in an ounce of water, again dryinj?: it, and then applying one mbre 
wash of the silver solution. This ver/ sensitive paper is very liable to 
blacliea spunlaneuusly in the dark. 

875. It it remarkable tiurt tbeae three prepamtkma, although closely reflem* 
Ui&g each other, are aeted upon diSformAy by the chemical tays of the 
Bp ee tnim (0S6). ThnSi if etipe of these different papers be exposed to the 
spectrum, the paper prepared witli the chloride of silver will be most dark* 
ened in tiic blue ray, that with the iodide l>eyond the violet, and that with 
the bromide will be blackened for tlie whoie length of the spectrunii but most 
intcDsely ia the indigo ray. 

The piotnres impressed on these papers are best fleed in the following 
manner. Dip them in warm distilled water, and drain them in the dark on 
a napkin, then cover them with a thin layer of a saturated solution of hypo- 
?!?jlphite of soda, and ailer soaking them for a fr-w minute?, wash them with 
water (which in the case of the iodide and bromide should ha warm) until 
the washings no longer taste sweet. It is remarkable that the pure chiunde, 
iodide, and braraide of silver, are scarcely sensible to light, but instantly to* 
qaira this power hy the addition of an esoess of the nitmte. 

877. Many other salts of silTSff maj be employed with move or less success 

as phntnn:raphi(? anient?, their range of «pn«ihi!ity differing very remarkably. 
Among these compounds one. produced by the action of the yellow prussiate 
of potass on iodide of silver, discovered by Mr. Hunt, is die most remarkable. 
This, the cyano-argentoiype, is thus prepared, and is worthy of notice from its 
presenting a eloae approach to the beanty of the ealotype pictures. 

Glazed letter-paper is washed over on one side with a solution of two 
drachms of nitrate of silver in an ounce of distilled water, and quickly dried. 
It is then immersed for a minute in a weak solution of iodide of potassium, 
(1 drachm to 8 ounces water), removed, and gently washed with pure water, 
and, lastiy, dried in the dark. The paper so far prepared may be kept for 
any length of time, and to render it highly sensitive^ it is only necessary to 
brash it over with a solution of one part of yellow prussiate of potass in eight 
of water. These papers are only sensitive whilst wet, for if allowed to dry 
in the dark, they become nearly in^^en«ibl^ to the inflnence of light; immedi* 
ately, iinwever, acquiring their susceptibility to light by merely moistening 
them with cold water. The pictures taken in the t^amera by this process are 
readily fixed, by being washed first with water and then with the solution of 
the iodide. 

This kind of paper is blackened nearly equally by the whole prismatic 

spectrum. 

878. In all these pictnros the lights and shades are reversed, and we have 
what are called nf^a/ivr piciurcs. To prepare from these poftfiW copies, in 
which the light and siiades are correctly represented, all that is necessary is 
to ^huse the well-flswd (876) photograph, with its face downwards, on a 
sheet of sensitive paper, press them close together by means of a plateof glass 
in a proper fVame, and expose them to the direct rays of the sun. In a short 
time the picture will be impressed upon the paper, and may be fixed in the 
manner already described. 

879. It is, liowever, possible to prepare a podtwe paper, or one wliich will 
St once give a picture with its lights and shades in a proper position. The 
iblkvwing is 4ie process contrived by Mr. Hunt for this porpcwe. Good letter* 
paper is soaked fbt a few minutes in a solution of forty grains of chloride of 
sodium in four ounces of water. It is then wippcl, dried, pinned on a board, 
and brushed OTer with a soil sponge dipped iu a filtered solutioa of nitrate ^f 
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fHrer 120 gmliis, water an onnce and a half, and alcohol half nn omice. Tb9 
paper is then expo«»ef! to the ?Tin, which darkens it immetiiotely. The solutioa 
of silver i? again uj \io applied and the paper once more expoisecl to the suu, 
until it assumes a unitorm chocolate color. It is then to be dried in the dark. 
To use this paper it ilMMiid be bnithed om with a solntfioii of thiicy RndM 
of iodide of potasiiam ia an onooe of water. IT this paper be placed wtiflflC 
moist in the camera obscura^ it will be iraprened with a beautiful saepia'CO- 
lored positive picture in half an hour. These pictures are best fixed by wash* 
injr them with water to remove the excess of iodide, but are miiorturanely 
liable to fade. 

880. If any of the lensitiTe papers (873, ^) be espoaad in Ifaa flnura, 
Ao. fbf too than a time, either no pietore at all, or at ieaat m baveljr TiAla 
one, will be noticed ; still tlie alMeBoe of i repression it no proof tbsi a decided 
effect is not produced. This may indeed be demonstnitpd by the nppliratinn 
of some reducing agent, as the gallic or succinic acids, proto-suiphaie ol iron, 
fee,, which would not act upon the paper before exposure. We have, founded 
un ill CSC principles, some processes for preparing paper of wonderful sen" 
libility; and of Hieee th^-firet wliieli meiile MlieBiion it enlotype of Mi; 
Talbot. 

881. This extremely sensitive pBfier baa been largely used for the purpose 

of taking portraits hy means of the camera obscura. Thf» proceaa itaelf lias 
been roaxie the subject of a patent; its outlines are as foilo\s s:— 

A sheet of fine post-paper in brushed over with a solution of 100 grains of 
nitrate of titver in six ounoet of ^stilled water. It ihoGldtlien be oantiously 
dried at a distanee fiom the lite, or by expoaoie in n datk Boom. WlMn dij 
it is dipped into a solution of iodide of potaosnun, (SOO gnuas to a pim of 
water,) dried between tbhh of bibulous paper, immersed for an in^tnnt in 
pure water, and gently Ab ashed with distilled water, and dried. A lino uni- 
form coat of pale yellow lotlide of silver is thus spread over the i)aper, wluch 
must he kept for use. To give the iodized i^apex its maximum of sensibility, 
it mnst be rapidly braeiied over with eqnal parts of an netd solntionof nitints 
of silver, and a cold satartted solution of gnlUo add ; then immerse it ibr a 
moment in distilled water, and drain it on blotdiig*{»per. The acid solution 
of silver is mr^dc by dissolving one hundre<l irrains of crystalized nimuc of 
silver in two oum es of distilled water, and adding one-sixth of its voliiin.? of 
Strong acetic acid. In this state it is remarkably sensitive, and when nearly 
diy may be exposed in tlie camenu Bat a short time, often a lew seconds, 
is sufficient to obtain a beantilhl piotoie. The paper ihiiald then be removed 
and the picture impressed upon it, although as yet invirible, must be ** broof^ 
ont'Mn' asiain washing; it with a mixed solution of silver antl gallic acid, keep- 
ing the paper warm liy placing It in a dis!i over boiling water. The beauti- 
ful picture thus procured may be iixed by washing with water and then with 
a solution of 100 grains of bromide of potassium in 10 ounces of water. 

These pietares, which are among the most beantilhl in the photograph io 
art, are negative, and may be made to yield positive impressions by the pio* 
Oesses already described (878). 

882. A paper of ex^ni'^ite seneibiHry has been contrive<l by Mr, Brooke, and 
employed by him to register the maiznonV vBrintions (271). Thif Gf^ntlcnian 
uvaiicd himself with great ingenuity oi the liiilcrent susceptibilities of tlie 
iodide and bfomide of silver to the diibreot rays (62C) of the qiectmm, and 
thus succeeded in pteparin^ 90 sensible to tlM inflnenoe of light as i» 
rival the more complex calotype. His process is the foUowing: one sarfese 
of w^-ll '^'lazed paper is spongctl over with a solution of twelve grains of 
bromide of potassium, four of iodide of potassium, and four of i-^itrjla^-^, id an 
onnce of distilled water* Care must be taken to apply the solutjoa e^^uaily 
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over tbo paper, whkh is then to be d ried. When required fbr lue, it ia gond^- 

bru'iVied ovpr in the dark with a solution of fiAy jj^^ins of nitrate of silver in 
an ounce of water; the only light used in this proce?^*^ nni^t he that of a lamp 
levered with red gimd. This paper should be use<l whibt damp. A minute 
ear two l» ^ufltoient fi» its exposure Id the camem; on removing it, a cold 
soliBtion of gellic acid should be poured over it, and in a Tew seconds the 
picture will beootne visible. As soon as it is sharply defined, the process 
should be stopped by immersing the paper in warm water, and fixing it in 
the Ti«ual maimer (87fl). I have seen Mr. Brooke obmin a sharp impression 
on this paper by allowing a pencil of light reflecteil through a narrow slit by 
a mirror from a small campbine lamp at the distance of several feet in fifteen 
aeeonda. I bave^ on a dall Match morning-, obtained a sharp picture in the 
oamem in three minutes by the aid of this paper. 

883. Many varieties o( ferrotype have been described ; these all are indebted 
for thf*ir ^usceptibiliTv to light to per-salt? of iron, which become wholly or 
partially rctiuced by ihe solar rays. The most convenient salt fijr this purpose 
is the anmioma-ciirate. If paper be washed over with a solution of this salt 
io ten or eleyen patts of water, and earefuUy dried in the dark, it is remarka^ 
biy sensitive to light If a piecse of lace (finr example) is pressed in olose oon* 
taet with a piece of the paper, and exposed farhaU'-an>hoQr to the sun, a sharp 
and wcll'definpt? picture will be obtained. If, however, the sun's rays be not 
very bright or the exposure to their influence be much shorter, a srarnely visible 
impression will be formed. As, however, all the points exposed to the light 
have undergone a change, from tlie partial conversion of the sesqui-citrate 
into a proio-salt, on washing the paper with a solntion of the red prussiate of 
potass, (ferro-sesqui-oyanide of potassinm,) ft pretty ptctHre will appear of 
yellow lace on a blue ground, the prussiate acting only on tlie reduced portion 
of the iron salt. In the «ame way a solution of nitrate of silver will pro<luce 
a fawn colored yiicturt} ou a blackish brown ground, and a neutral solution of 
chloride of gold will produce a picture wiiii a splendid purple giuuud, iho 
€krysotype of Sir John Hersohel. 

984. The cfans of cyvms^iMS aie peculiarly beautiful, and some of them have 
peculiar claims to our attention. One of the best is made by washing paper 
with the retl prussiate of potass, and when dry exposing it to the sun, with 
the object to he copietl pressed in close contact with it by a plate of glass. 
The etfect of the light is to evolve prussian blue, which remains fixed to the 
paper. On soaking the picmre thus produced in water, the unchanged prus- 
siate is removed, and a white picture on a beautiful blue ground results. This 
eUMly prepared paper afibrds a ready atid excellent means for copying ferns, 
sea-weedsi laoe-work, engmvingSi ko^ but is not sufficiently deUcate for the 
camera. 

885. The most sensitive oyanotypes hitherto obtained are those prepared 
by the following processes, deviiied by Sir John Hersi:hel. 

3fix together equal parts of a cold saturated solution of bichloride of mer- 
eniy with one of the ammonioKatmte of iron, (1 part of the citrate to 1 1 of 
water.) Beibre any precipitation occurs, wash over with this fluid a sheet 
of yellow wove post-paper, and dry it. Paper thus prepared may be kept 
for some time without becoming deteriorated. A jiI'tc of this should be 
placed in the camera, until a decided, although taint impression is just visible. 
It should then be removed and rapidly brushed over with a saturated solution 
of the yellow prussiate of potass, diluted with three times its bulk of strong 
gnnhwater. The picture gradually unfolds itself in an extremely beautiful 
manner, and should be allowed to dry in the dark, where it should remain 
for some days, u hcn it will henr strong light with impunity. If a picture 
thus obtained be heated, it is converted £rom a blue positive, into a brown 



negstiTe one (888). Bf ksepinft liowew, it reooren its poaitiTa dMoaeier 

■nd Ofiginal color. 

886. The ciiroitK it\ pe affords a sensitive paper of sufficient delicacy for 
copying lacework, ierus, Ajc., aiid may be made by simply washing ilun paper 
with A iolMkm of Uoikmnato of potaai^ sad drying it quickly beibie a iia 
Let 80 object be plaeed oo thi» peper, (whidi poeiesses a fine yellow color,) 
and bariog been sooored by pressure with a plate of glass, be exposed to 
the direct rays of t)ie sun, until the yellow color of the pnpor i« changed to a 
rich brown. Ua removing the object, its outline will be iound beautifully 
defined on the paper, the drawing being yellow on a brown ground. To 
secure this irom fturther change, all that is neoeMary i» tc» aoak the paper in 
water, te semoTO the anehanged hiofaioinate, hf which pfooeae the pidnra it 
left nearly while oa a U i o w ni ih-yellow ground, and may be preserred for 
any time without further change. The rationale of this process is iband in 
the redu<"t5on of a portion of the chromic acid to the state of oxide. 

887. From tlie elalx)rate researches of Sir John Herschel, it has been 
proved that scarcely any colored fiuid from the vegetable kingdom, or ai^ 
compound which chemistry has made as aoqaainted whh, exiflte, wliidi ie 
not more or less esotiiive to the chemical inflaeiioe of light He la eoe edcd 
in obtaining well-defined photographs, by merely using paper impregnated 
with th<* colorei^ jiiioes of flowers nnd other parts of vegetables; and to these 
the generic term of antho-type has been applu I. For an account of these 
beautiful researches, I must beg to refer the reader to the published papers 
Of Sir John.* 

888. It it a re ma rhebie flust, that all the pboiogiaphic piooceees are con* 
lUlefafoly expedited by the applioatioo of a gentle heat Sir John Herschel 
fimnd that in many instances the photographif change pnxluced by exposing 
a strip of prepared paper to the solar spectrum, tlie changes wliich would 
require a considerable time to be efieoted, were rapidly produced by iio^ding 
behind the paper, whiltt thut eiqxMed, an iron heated below redness. In 
the account of the beautiful calotype process (881) of Mr. Talbot, it has been 
mentioned, the p«per must be heated to bring out the picture properly. In 
the cyanotype picture (885) we have seen that an actual alteration of color, 
and the conversion of a positive inio a nes^ve picture, take place by the 
mere application of heat. 

The agent in producing this curious change is considered by Sir John Her- 
tehel to contitt of rayt of tome kind aboonding in the red and orange bands 
of die eolar tpectrum, and emitted by bodies heated jatt below redneta 
These rays, for which the term of para-thermit hat been proposed, appear to 
bear the same relation to the true calorific ray?, a?? tbo«e active in producing 
chemical and photc^praphic phenomena do to the chemical ones. 



NOTE. 

For further information on the interesting subjects of this chapter, I would 
refer the student to the papers of Sir John Herschel in the Pbilotopbical 
Transactions, and the Researches on Light by Mr, Hunt, Xjoodon, 1844, as 
also to sections VII. and VilL of Mailer's Physics. 

* Philosophical Traiisaciioag. 
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Aberration of light, 27S ; chromatic, 305, spherical, 2dfi 
.Absorption, of 6gbt, 2Q1 ; gaaeous, 62^ of heat, 
Accidental colors, 3^ 
Achromatic lenses, 349 
Achromatism, 305 
Aclinic lines, IM 
Action and reaction, TA 
Acoustics, 138 ; figures, 142 
Adhesion, 5R 

Agate, polarizing power of, 319 

Agonic lines, 1^ 

^pinutf magnetic processes, lfi3 

Air-pump, 126 ; thermometer^ 362 

Ajutage, 112 

AldinVs researches, 2fifi 

Amalgam, electrical, 1S3 

Ammonium, formation of, 235 

Ampere-s magnetic formulae, 241 ; magnetic theory, 251 

Angle, polarizing, 324 ; visual, 2Qa 

Animal electricity, 2^ ; levers, 102 

Anthotype, 224 

Archimedes, principle of, 112 

Ascent of balloons, 67 

Atmosphere, composition of, 12| ; electricity of, 204 ; pressure of, 122, 127; 
extent of, 122 

Atoms, 43 

Attraction, 51 ; laws of, 57; adhesive, 58; capillary, 5d ; cohe8iTe,57; electriei 

240 ; magnetic, 212 ; gravitative, 64 
Aurora boreal is, 20^ 

Axis of double refraction, 316 ; positive and negative, 311 ; inclination of, 312 

Balance, 94; torsion, 122 
Barometer, 123 

Battery, electric, Ififi; Toltaic, 219; calorific effects of, 224 
BecquereVs battery, 236 ; reductions of metals, 231 
BernouilWs formula for gaseous currents, 133 

Biot on circular polarization, 341 ; on conductors of sound, 142 ; on polarizing 

power of organic fluids, 242 
Bismuth, ther mo-magnetic powers of, 2£1 ; dia-magnetic powers of, 162 

Bramah''s press, 132 
Breguet^s thermometer, 364 

Brewster on polarized light, 324 ; on partial polarization^ 323; on simpliflcatioa 
of spectrum, 301 
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Brittleneig, 55 
Bromo-argentotype, 390 

Brooke y Dr., on magnetism, 16Q } photographic paper, 222 
Bunsen'& batterj, 2M 

Calcareous spar, 315, 328 

Calotype, 222 

Camera, lucida, 24S $ obacura, 346, photographic, 368, prismatic, 2A!L 
Capacity, inductive, 177 

Capillarity, 57 

Cartesian devils, 112 

Cassegrain^s telescope, Mfi 

Cassia, oil of, its dispersive powers, 302 

Caustics by reflexion, 284 ; by refraction, 294 

Centre of gravity, 68 } of oscillation, 21 ; of fluid pressure, 110 

Centrifugal force, 72 

Charcoal, voltaic ignition of, 224 

Charge, -electric, 1^; residual, 131 

Chemical action, electricity of, 212; rays in spectrum, 205 ; action of light, 

305 

Chloro-argentotype, 3SQ 
Choroid coat, 354 

Chromatic aberration, 306; scale, 212 
Circular, polarization, 22fi 
Clouds, electricity of, 207 
Coddingtan^t lens, 248 

Cohesion, 52 

Cold produced by voltaic discharge, 225 
Collision of elastic bodies, 75, 7S 

Colors, production of, 301 ; of spectrum, 300; of difiraction, 308 ; of thin 
plates, 311 ; of thick plates, 313 ; of small particles, 313 ; comple- 
mentary, 301 J scale of, 312 ; spectral, 357 

Compass needle, Lofi 

Complementary colors, 201 

Composition of forces, 75 

Compressibility of fluids, 105 

Condensation of gases, 51 

Condensing syringe, 127 

Condenser of electricity, 202 

Conduction of heat, 3fi5 j of electricity, 223 

Conducting wires, magnetic properties of, 243 

Contractions of fluid currents, L3Q 

Convection of electric currents, 227, 237; of heat, 3fil 

Convective discharge, 101 

Cords, vibration of, 22 

Coidamb^s electrical laws, 181, magnetic formula, 105 ; torsion balance, 112 
Cryophorus, 313 

Crystals doubly refractive, 316 ; positive and negative, 212 

Crystaline lens of the eye, 3.^4 
Currents, electric, reaction of, 243 
Cyanotype, 321 
Cycloidal oscillations, 82 
Cylinders, strength of, 53 

Curves representiog properties of spectrum, 301, 304, 305 
Daguerre^s photographic process, 382 

DanieWg battery, 2^6, 283, on saline combinations, 236; pyrometer, 265 

Darkness produced by interference of light, 306 

Declination, magnetic, 157 

De la Rive*t floating battery, 241 
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Density of matter, 52j specific, 113 

Dew-point, 374 
Dia-magnetisni, 166 
Diathermancy, 380 
Dichroism of crystals, 731 

Dielectrics, coated, 132 
Differential thermometer, 362 
DifTraction of light, 

Diffusion of gases, 64i of fluids, 64j of sound, I2ii 
Dilatation by heat, 2M 

Dipping needle, 1^ 

Discharge, electric, ; in gases, 1^ ; in vacuo, 187, spontaneous, IB^ ; 

lateral, 2Q1 
Discharger, universal, IM 

Discharging rod, 135 

Discord of sounds, 145 

Dispersion of light,-301 ; epipolic, 3Q2 

Divisibility of matter, 49^ 52 

Dry piles, 225 

Donne on organic electricity, 274 
Doublet, Wollaston's, 342 
Dynamics, 71 

Earth, directive power of, l£l ; figure ofj'TSj magnetic poles of, 151 

Echo, 142 

Elasticity, 65j of air, 128; of liquids, IM 
Elastic bodies, collision of, IS v 

Electric jar, 195; battery, 196 ; shock, 196 ; vacuum, 200 ; condensors, 202 ; 
machine, l&l ; induction, 126 

Electricity, excitation of, 214; by vegetables, 275 ; by animals, 275 ; atmospheric, 
204 ; voltaic, 210 ; of chemical combination, 236 ; of chemical de- 
composition, 212 ; excited by magnetism, 252 ; by heat, 201 ^ 

Electro-dynamics, 2^0. 

Electrodes, 228 

Eletrolysis, 221; by frictional electricity, 226; of salts, 2^ 
Electrometers, 171 ; Coulomb^s, 172 ; condensing, 202 
Electromotors, 21B 

Electro-magnets, 249; excitation of electricity by, 256 

Electrophorua, 113 

Electrotype, 210 

Elements, table of, 211 

Elliptic polarization, 342 

Endosmosis, 62 

Equilibrium, 10 

Epipolic dispersion, 302 

Ether, luminiferous, 226 

Evaporation, electricity of, 210 

Extension, 60^ 52 

EtUer^s musical notes, 145 

Exosmose, 63 

Eye, structure of, 254 

Faraday, Dr., electro-magnetic induction, 252; electricity of gymnotus, 2fil; 

electrolysis, 229 ; electric induction, 176 ; vibrating plates, 146; dia- 
magnetism, 166 ; development of circular polarization by electricity 
and magnetism, 322 

Ferrotype, 392 

Fishes, electric, 262 

Flexibility, 52 
34 
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Fluidity, 51 

Fluids, non-elastic, 1114 ; compressibility of, 105; pressure of, 106 ; upward 

pressure of, 121} 
Focus of mirrors, 2S3; of lenses, 2^1 

Forces, composition of, Ih ; centre of parallel, 22 ; centrifugal, 72 ; resolution 

of, Ih 
Form, 5Q 

Formula, for gravity, 83; for pendulum, S9j accelerated motion, 84] lever, Sfi ; 

pulley, 92 ; inclined plane, LQD ; screw, IHI ; fluid pressure, LOS ; Esch- 
enmaier's magnetic, 156 ; magnetic, 165 ; foci of lenses, 202; for cir- 
cular polarization, 342 

Fountains, L3i 

Franklin'>8j Dr., electric kite, 206; thunder house, 208 
Frauenhofer^s bands, 303; curve, 304 
Freezing in vacuo, 322 ; in red-hot vessels, 322 

FresneVs experiments on interference, 302 ; on circular polarization, 33fi 

Friction, 85 ; of fluids, 132 

Frogs, electricity of, 266 ; battery of, 2fiS 

GalvanVs discovery of organic electricity, 2fi& 
Galvanic electricity, 263, 265 
Galvanometer, 242 ; astatic, 242 ; frog, 2£d 

Gases, oJ ; condensation of, 51 ; absorption of, 62 ; diflusion of, 64 
Gas battery, 226 
Gausses agonic lines, L5B 

Glass, systems of fringes seen in unannealed, 332 
Gold, extension of, 50, 52 , 
Gravitation, 64 ; lateral, 66 ; efl*ects of, 82 
Gravity, centre of, 68 ; force of, 82 j speciOc, ] L3 
Gregory- s telescope, 346 
Grove's battery, 2r7, 221, 226 
Gymnotus clectricus, 264 

* 

Hardness, 51 
Harmonic sounds, 142 
Haldol on fluid pressure, L02 

Heat, of electric discharge, 188, 224 ; combined, 353 ; radiant, 32fi; absorption 
of, 378 ; refraction of, 382 ; polarization of, ^34 ; specific, 36S : latent, 
369 ; reflection, 322 

Herschel on photography, 3SS; table of luminous undulations, 200 

Human body, electricity of, 220 , 

Hydraulic press, 132 

Hydro-electric machine, 1S5 

Hydrometer, 1 14 

Hydro-dynamics, 129 

Hydrostatics, 104 

Hygrometer, 374 

Huygens' theory of light, 22& 

Iceland spar, optical properties of, 315 
Idio-electrics, 170 

Images, optical, 282; from mirrors, 285 
Impenetrability, 50 
Inclined planes, 99 

Index of refraction, 287 ; table of, 287; for ordinary and extraordinary rays, 314; 

ratio of, to angle of polarization, 324 
Induction, electric, 176 ; electro-dynamic, 252; magnetic, 154 

Inortia, 66 

Insulation, electric, 120 • 
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Interference of fluid undulations, L2D: of sonorous unduliitions, lAl ; of lumi- 
nous undulations, 11012 
Inversor of electricity, 2A1 ^ 
lodo-argentotype, 33Q 
Irrationality of the spectrum, 3QJ 
Iso-clinical lines, 159 

Iso-chronism of pendulum, 89j of vibrations, SQ 
Iso-dynamic lines, 1£1 
Iso-thermal lines, 379 

Jupiter^s satellites, 21S 

Krafft^s magnetic law, UiQ 

Latent heat, 353 

Lateral explosion, 203 

Lavender band of spectrum, 299 

Lenses, 220 ; achromatic, 300 

LeverK, Q2 

Leyden vacuum, 200 

Lechtonberg''s figures, 189 

Liquids, transmission of forces by, 105 

Light, electric, 223; unpolarized, 275 ; polarized, 31S; diffracted, 308 ; epipo- 
lised, 302 ; theories of, 2M ; velocity of, 22a; reflection of, 2S1 ; pris- 
matic decomposition of, 300 ; dispersion of, 301 ; chemical action 
of, 30Oj 387 

Machines, electric, ISl 

Mnfrdeburg hemispheres, 122 
Magic lantern, 347 

Magnets, constitution of, 1^; electro, 2i2; declination of, 157; inclination 
of, 158 ; coercing force of, 164; action of currents on, 240 ; making 
of, IB3 

Magneto-electricity, 252; electrolysis by, 252 
Magneto-electric machines, 2^; shock, 254 
Magnifying power of lenses, 224 
Man, electricity of, 220 
Mnrriotte, law of, 125 
Masses, 51 

Matter, essential properties of, 50; accessory properties of, 52; forms of, 51 
MatteuccPt researches, 2fi8 
Mechanical powers, 92 
Megascope, 346 
Meniscus lens, 220 

Mercury, capillary repulsion of, x 

Metals, conducting powers of, 223 
Meteors, electric, 209 
Mica, optical properties of, 327, 330 
Microscope, 346; polarizing, 335 
Mirrors, 2S2 

Molecular force of circular polarization, 340 
Momentum, 22 
Mdser's figures, 322 

Motion, 11 ; centrifugal, 22 ; opposition to, 72^ 86 ; reflexion, 24 
Multiplier, electric, 242 ; astatic, 2i2 

Needle, magnetic, 156 

NewtotVs laws of motion, 73j rings, 312; telescope, 345} theory of light, 225 ; 
discovery of spectral decomposition, 222 
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mchoWt prism, Eld 

Nickel, magnetism of, 162 

Nitre, optical properties of, 331, 

Nodal points, 81_j 142 

NobiWs electrical researches, 22Q 

Notes, muBical, 143; vibrations producing, IA2 

m 

Octave, musical, lAA 

Oertted^i discovery of electro-dynamics, 24Q; on the compressibility of water, 

LQ5 ; theory of light, 22a 
Ohm^i formula, 222 
Optical instruments, 345 
Organic electricity, 2fi3^ 

Oscillations of pendulums, 8S ; of ether, 22^ 
Ox, electricity of the head of an, 2fi2 
Ozone, 1S3, 223 

Paper, sensitive, 3SS 

Parabolic curves, 

Parallelogram of forces, 75 

Parathermic rays, 324 

Paratonnerres, 202 

Pendulum, 8S ; compensating, ^ 

Percussion, 2J 

Photography, 3S7 

Photometry, 223 

Physiologic electricity, 2fi3 

Piles, electric, Volta's, 212 J Zamboni's, 22^ 

Plane, inclined, 29 

Plates, colors of thin, 311 

Plumb-line, actions of earth on, 65 

poles of magnets, 154; of earth, 15fi 

Polariscope, 321, 332 

Polarization, electric, 174, 212 ; of electrodes^ 23Q ; magnetic, 154 ; of heat, 
383 

Polarized light, 315; colors of, 325 ; circular, 2M\ elliptic, 342 
Polarizing structure developed by magnetism, 339 

Pressure of fluids, 102 j of atmosphere, 122 ; electricity evolved by, 174 
" Primary colors, 299 
Principal section of crystals, 315 
prismatic refractions, 200 
Projectiles, motion of, 84 
Pulleys, 92 ; compound, 99 
Pumps, 135 
Pyrometers, 3fi5 

Quartz, optical properties of, 332 
Quetelet on magnetic variations, IfiO 

Rainbow, 31B 

Rays of light, 280; ordinary and extraordinary, 314 

Reflexion of motion, 24; sound, 142; light, 281 ; heat, 322 

Refraction of light, 286; double, 314; of heat, 382 

Repulsion, 51 ; capillary, Ql 

Residual charge of ajar, 192 

Resistance of media, 66, 85 

Resolution of forces, 25 

Resultant line of direction, 25 

Rings, Newton's, SHj of polarized light, 329 
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Rode, vibrating, 79^ 141 

Roemer^s discovery of aberration, 21S 

Rotation of electro-magnets, 245 ; of moving bodies, Sfi 

Salts, electrolysis of, 

Schonbein^s discovery of ozone, 228 

Schweigger's galvanometer, 242 

Section, principal, of crystals, ai4 

Solenite, optical properties of, 322 

Shadow, acoustic, 14Q j inflection of light into, 3QS 

Shouii, electric, 195, 21D. 

Silicon, reduction of, 234 

Siluriis electricus, 2B5. 

Sines, laws of, 2Sfi 

Sirius, light of, 229 

Smee^s battery, 214 

Soap bubble, 51^ 3111 

Sodium, reduction of, 234 

Soilness, oi 

Solar spectrum, 2^ 

Solar microscope, 347 

Sommering'^s mirror, 348 

Sonorous vibrations, 138 ; interferences of, 141 

Sound, 13S; velocity of, ]M\ reflexion of, 142; of heated metals, 148; of ro- 
tating magnets, 25Q 
Spark, electric, 174 

Specific gravity, 113 ; induction, 122; heat, 3fi8 ; table of, 111 

Spectral colors, 357 

Spherical aberrations, 2M ; state of fluids, 322 
Statics, 4d 

Storms, magnetic, 160 

Sleel, tenacity of, ii4 

Sugar, polarizing power of, 341 

Syphon, 136 % 
Syringe, condensing, 121 j exhausting, 126 

Tabasheer, refractive power of, 291 
Talbotype, 322 

Telescope, catoptric, 345; dioptric, 354 
Tenacity, 63 

Tension, electric, 180, 22fi 
Terrestrial heat, 322 
Thermo-electricity, 2fil 
Thermo-electric rotation, 2M 

Thermophone, 148 

Thermometer, air, 362 ; Leslie's, 362; mercurial, 363 ; Breguet's, 364 
Thermography, 3SQ 
Thermotics, 359 

Time exchanged for power, 92^ 96 
Topaz, optical properties of, 330 
Torpedo, 263 

Torricellian vacuum, 124 ; theorem, 129 
Torsion balance, 122 

Tourmaline, polarizing power of, 319; electricity of, 124 
Trevelyan^s thcrmophoue, I4S 
Tubes, vibration of air in, 142 

Unannealed glass, optical properties of, 332 

Undulations of fluids, 118; reflection of, 119 ; interference of, 120; of gases, 
134; of ether, 226 
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Undulatory theory of light, 22^ 
Unipolar bodies, 204 
Unit jar, 201 

Universal discharger, 1^ 

Vacuum, 122 ; Torricellian, 124: 
ValWs electric researches, 2fiS 
Variation of the compass, UlL 

Vegetables, electricity of, 224 • 

Velocity of electricity, 197 ; of sound, 140; of light, 228 

Vibration of solids, 79] fluids, US ; progressive, 2^; forms, 81 ; sonorous, 13S 

Vision, 35fi 

Volta'^s pile, 212; electrophorus, 12^; researches on organic electricity, 2^ 
Voltameter, 22d 

Water, density of, 113; compressibility of, 105 j electrolysis, of, 222 ; decom- 
position of by heat, 375 
Waves, parts of, 80; of air, 134; of liquids, 118 

Wedge, mi 

Weight, fifi ; of atmosphere, 122 

Wheatstone-s uhotomeier, 242 ; electrical researches, 197 

Wheel and axle, 92 

Wilkinson^ $ electric researches, 2fid 

Winds, 133 

Wollaston^s doublet, 249 ; cryophorus, 373 

Young on undulatory theory of light, 275. 

Zamboni-s piles, 225 

Zinc, amalgamated, 211 

Zircon, optical properties of, 291, 31fi 

t 



THE END. 
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iBQaira alwat, it seemed oolj moemay to di^ into the Sncgrelopoedia Americaua, uni tbere the 
wMld bs iHDM^ sod nlbieim aaids to fliase woite 
II was not atmofSt thnslbre, that the work was popolor. Bat in finuteeiB fwaSi^pisft 

evpnt3 fWpnr. The ]?»t foiuteea years have been fiiH of them, anil prent dtRCov«rn*« have been 
made in aueiKsa and the arts ; and great men bsTe, by deatii, ooounemled their nami» aad 
Id the fidelity of the hiogTafiher, so tliat tlie Encyclopedia that approached jperleotioa in 1S3^ 
■Wit fldi etmMmMy befaiiid fa im. Tebitegwptheworic.andkeepitattheiii'mia pefct,!— 

been a task assumed by Profeisor Ycthtikc, of the Pennsylvania University^a gentleman entireljf 
competent to sucii an undertaking ; and with a disposition to do a good work, he has supplied ti 
■opplementary volume to the nuua work, coCTMpondmg in size and arrangemeata therewith^ and 

Jbttonate in discovering and selecting materials, using all that Germany bos presented, nnd reeMV 
in^ to every species of information of events connected i^ith the plan of the work, sinop the pu!>- 
iicauon oi Uurteen volumes, lie iuis contmued articles tiiat were commeno^ in that woth, 
sitidss apea aotanes^ Mssiaplv^ Urtoiy, and faogt^^ 
• neoeasaiy apprndags in oompletinv fhcta to the other. The publiihen deaervs tka 
thnnkt of the readers of the volume, for the hSUdMMM type, sad dSW WldtS pspW tiMy taSS aSlA 
m the pubiicatjoa."— (/mied Siaics Guzeite. 

**This Tolame is worth owning bf itself, as a most eonvenifmt and reliible corftprrKl of rcrcut fBa- 
tiCKj, Biognq^hy, Statistics, Ac., dee. The entire work forma the <^sa|MMt axui probahijr 
; iartnMs Sicyclopeedia pubUtfnd ftr popniar aas.** fUm JMt 



** The Conrersations Licxicon (Encydopsdia Americana) has become a hooaehoid book m ail the 
tafiilUffiBt ftariliiS iBAMtas^SBd ■ ■H l i in**r*lr tht Int daporitaiyef likgiiphiBsl^hieHka^ 



geographical and politSed 
1% 




"Thia Tolnnie of the Encynhjp;K<!tri is a Westminster Abtasy of 
MBMS snoatlis raUainoe lB33r->/^. Y. LiUmv HM. 

"The wo«1( to which thia T<dame forma a supplement, ia one of the most important oontribotioaa 

that has ever been made to the literature of ooToountTj. Be<ji<?e» rrmdensing into aoempaaa- 
UTely narrow compass, the aubatanoe of laifer wwks of tite same kmd which had preceded tt, a 

I for its admirable arrangement, than for the variety of suhfects of which it treata. The preseai 
Toltime, which is etlited by one of the most distinguished 8ehol?<rs of out country, »s worthy to 
foUow in the train of those which have preceded it. It is a remarkably feliatous coodenaatMNi 
«rtbsas»aiaiaais^nnMmls la sslsiissvd etas silSt Miss Iknaiaf n rarf lavgilBal sd 
liaB (atlM deiwilMt or Bisgnyliy. ths isasial prafrsassr saeisly, ^ 
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LEA AND BLAN CHARD'S PUBLICATIONS. 



GAMf BELI/S LORD GHANCELLOBS. 

JUST PUBLISHED. 



LIVES Of THE LORD CHANCELLORS AND KEEPERS DF THE 

6REAT SEAL OF ENOUNO, 

vmoM THE B&Biittrr vnam to ths vttam of xm uaomm ir^ 
BT JOHN LORD CAMPBELL. AM^KRiLE. 
Finrt Seriof, fbrming thwe neat volume* in demy octavo, extia doth. 
Bringing ike vwrk to IA« imt of Lard J^rie§. 
TBM SSCOUD SniES WIU &EORTLT rOLLOW US FOUR TOLOIBS lO lUTCS. 

^ Jilt mitUm/t iw OS to ttadc Lord CunpbeU for the honest induatiy with which he has thus ftr 

pros^iteH his large task, the generii! condor and liberality with which he has analyzed the Itvct 
and chajractea of a loQg svooessioo of influential magistrates and nuiusters, and the manly styla 
of his namlii*^ We seed banUy any that we shall expect with great interest the ooatinaatioa 
ipT this perfooBtiiM. Batthepvsnntseriesofitsdf isinonthnisQfficifliittogtffvfMflOhMiM 

m hmh tita'jon nmoH' the English authors of his age."— -(Jtwir/fT/v Rmkw. 

** The volumes teejn with eiciting incidents, abomul in poriraiu, skatchos and anecdotes, and ant 
■t CKU90 inlemaCing ud ioitnietivt^ n«wQtk li nol oD^yUrtoilflal and tncgnpbi^ 
snenlotol and phfloMpliiaaL Many of the cliapters embocly thrilling incideotoi white m 9k «lAloto| 
tihe ftiiWication may be refrnri!rt! ns of a hiph iBteller^ual order." — bupiiTtr. 

"A work in three handsotne octavo Tulumes, which we shall regard as both an oniament and an 
lumur to ««r Idmnr. A Hiitoiy of tho Lmd ChaneoUort of EtagUuad fton tlw fairtitwMon of tbe 
<iflpt,it nf r flf f^T Py* Btatoijrof ttio Constitution, the Court, and the Junspmdenoe of the King- 
dom, and these vohiraes teem with a world of collateral matter f>f the liveliest chitrartf^r for the 
general reader, as well as with much of the deepest interest iM the jiro£B8SKiaal or pUiiosophici*! 
inind."-^tiirday Otmwr, 

''The laillint anooesi of Oris wmk hi England is bp BO means greats bit 
certainly the nif^st brilliant f ontrihntion to Kn?:!ish liistory madu within our rrTOllnctinn ; it ha« 
the clturm and freedom of Biography oonibined with the elaborate and cawf ui cooiprUMimveaees 
Of History."— ar. T. TrUmmt, 



MURRAY'S ENCYCL0P.ED1A OF GEOGRAPHY. 



THE ENCYCLOPyEDtA OF GEOGRAPHY, 

ooMnnnMi 

A COMPLETE DESCRIPTION OF THE EARTH, PHYSICAL 
STATISTICAL, CIVIT. AND POLITICAL. 

ExinBmRa 

ITS RELATION TO THE HEAVENLY BODIES, ITS PHYSICAL STRUCTURE, THE 
NATURAL HISTORY OF EACH i ( [ NTRY. AND THE INDUSTEY, 
COMMERCK, POLITIC AT, INs I'lTUTIONS. AND CIVIL 
AND SOCIAL S l Al j; OF ALL NATlOr^S. 

BY HUGH MURRAY, P,R.S.E., &a 

i^itn J fa Eoteny, by Professor HOOKER— Zoology, «kc., by W. W. SWAINSON— A^OMMTt 
by ftofisssor WALLACE-Geolo«y. &c, by Professor JAMESON. 

RBVIdVIftl WIVH ABDIVieSS^ 

BY THOMAS G. HUDFOBB. 

THE WBOLB BROUGHT VP» BY A EDPFLEUSNT, TO IM 
/« fikrm largt ottano mZmm. 

VARIOUS ST¥I»B8 OF BINDIKO. 

This grent work, furnished at n rcmarknbly cheap rate, contains about 
Nineteen Hundred large imperial Pages, and is illustrated by EiGUxy* 
Two SMALL Maps, and a colored Map of the United States, after Tan 
Der*8, together with about Elbvbk Hundred Wood Ctn*s executed in tb« 
iMetyio. 



LEA AND BLANCHARO'S FUBUCATIOM. 



• STRICKLAND'S QUEENS OF ENOLiNB. 

A NEW AND ELEGANT EDITION 

LIVES OF THE QuTeNS OF ENGLAND. 

FROM TUE NORMAiN CONQUEST; 

WITU kXECWrm OF imift COUKTS, now ilUbT PUBUSH ED F ROM OFFICUU 
RECORDS AND OTHQt AUTHENTIC IXX/OUKNTS, PBIVATS AS WXLL AS FOBUC 
irSW BDITIOV, VITB ADDXTI0K8 AM C0XKBCTX099. 
BT AaVBS STBXOKZiAVD. 

JmnlH ft hamborae series in crown oetaro, beantiftilly printed with IniiBe type on fiae paper, tet 
in rioh eadn ehinaoa cioth, and aokl at a cbaaper late tban former editioaa 

Voliimn Onr, of nearly seven hundred large pages, containm^ Vrvliimi^ 
One, Two, and Three, of tlie duodecimo edition, ami Volume 'I'wo, oi more 
than six hundred pa£^, cootaiiiing Yolomea Four and Five of toe 12ma^ 
liaTe just been issued. The lemainder will follow rapidly, two Tolumes in 
one, and the wliole will form an el( j^nnt set of one of the mo^t popular his- 
tories of the day. The publishers have eoue to much expend in pre* 
paring this from the leyisea and iraprored iCondon editkm, to meet the fre- 
quent inquiriea for the " Lives of the Queens of England," in better etvte, 
Jareer tyin?, and finer paper than has heretofore been accessible to Teaoeia 
in tnis country. Any volume of this edition aold separately. 

A fyw copies still on hand of the IXiodecimo Edition. Ten volumes are 
now ready. Vol. I. — Contains Matilda o[ Flanders. Mnnl Ja of Scotland, 
Adelicia of Louvainc, Matilda of Boulogne, and Eleanor of Aquitnine. 
Price 50 cents, in fancy paper. Vol. II.— Berengaria of Navarre, IsabeUa 
of Angouleme, Eleanor of Provence, Eleanor of Castile, Marguerite of 
France, Isabella of France, riiili[ipa of Hainault, and Anne of BohrmTa. 
Price 50 cents. Vol. III. — Isabella of Valois, Joanna of Navarre, Katha- 
rine of Valois, Margaret of Anjou, Elizabeth Woodvillc, and Ann of War- 
wick. Price 50cent8. Tot. iV.^Eflizabeth of York, Katharine of Anvtgon, 
Anne Boleyn, Jane Seymour, Anne of Cleves, and Katharine Howard. 
Price G5 cents. Vol. V. — Katharine Parr and Queen Mary. Price Gf) cents. 
Vol VI. — Queen Elizabeth, i'rice 65 cents. Vol. VII. — Queen EiiAabeth 
(continued), and Anne of Denmark. Price 65 cents. Vol. VIII. — Henrietta 
Maria and Catharine of Braganza. Price 65 cents. Vol. IX. — Mary of 
Modena. Price 75 cents. Vol. X«~-"Macy oi Modeoa (contiauedit and 
Mary II. Price 7^ cents. 

Any volaiat sold sepafstely, or tlw wiwle to aaleh la neat fiesa ctoCh. 

lUST POBUSOSD 

CORTAIXIXO 

MARY OF MOD£NA, AND MARY II. 
» Fiice 75 centa in ianey pftper.— Also, in cztra green cloth. 

**Theee volmnes tera the faecinatian ot a nmiance unttiid teilM latagrii^Qf hhlnfj " Tfcui 

"A most Taluable and entertaining work "—Chrfmidt. 

"I'hia tukereetuig and weli-wriUea work, lu wuich Ute Herere troth of hmUtn takes almost Ih* 
wiidneae of pottBSDa^ tifit MMittsIa a Yalwbto aadiCtoe to o v bMgnpliiBlOim«v0."->Abr^ 

** A valalble coBtribaCioii to bialarieal kaonaledge, to roang penons especially. || mm»im a 
mam of erenr kind of hiBtoriod natter of iateveet, whiofa industry and re»«iircb ooslil edled. W« 
Iwve derived much entertaininent and instmctioa from Uie work."— .^iZ/acfunan. 

"The execution of this w<irk is equal tu the coiiCOfption. Grwt pains haw Iwas tSkas to leslM 
it both interesting and valuable."— Z^^muiF Oazette, 

** A dianoiag work — ftalt of interost, at once serioiM antl pleasing."— Mcmsirur Guitfii, 

i^ MIL ST charriiing: hin<?mphical memoir, We Conclude by flxpre<wtng oor nnoaalifiwl nf>if>.rni. 
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USA AJW BliANCHARD'S FU6UCAT10M& 

» 



SCHOOL. BOOKS. 
SCHMITZ ANB ZUMPT'S CLASSiCAL SERIES. 
C. 3VLII CiBSARIS 

COMMENTARII DE BELLO GALLICO. 

WITH AN INTRODUCTION, NOTES, AND A GFX)GRAPIIICAL INDEX IN ENGLISH, 
ALSO, A MAP OF GAUL, AND ILLUSTRATIVE ENGRAV1NG& 
III one handsonie ISmo. volume, extra clotli. 
This Series hasb^ca placed under the editorial management nf two eminent schnlara 
and practical teachers. Dr. Schkitz, Rector of the High School, Edinburgh, and Da. 
Znw, Proft wor in clw Ouhnaihf of BerlSn, ud will omahiM tin MlvwiKf adMi- 



1. A gmdunTIy ascenilfne series of S(AooI BooktMai 

defiuite number, a rompleto [jitin Curriculum. 

2. Certain arranRcments tn the rudimentaTy Tohnnes, mrhich will insure n fiiir amount of know- 

i. Tho foxt of each author will be surh as has been ri)Ti>-'itnrf(! hv the nrnst recent eoUatinns of 
naaUKCHittc, aiwl will be pre/nccU by biug^raphical and cnUvAil 8kKU:Ws iu juuglwh, that pUiMls lyaf 
be made 4wan of the character and peowianiies of tbe work thejr aro about to stodjr. - 

4. Ttt >— g»i dimcultiss, and sustain an iutarsstin tha Ir-*, nrlff'^HT nttitt !■ Iftiflish nill 
be Dlaoed at tha ibot 6r each page, and such oorapailnni dnwa as ataj aarra to oaito the historF 

of the past with the realities of modmi times. 

5. The works, eenerally, will be embellished with maps and illostralire engraTings,— aeocnupaoi- 
meuts which will m^atiy assiA tlia t f ai l iii l i MoipfaiNMiaa of liw Mtuna af tha conatriaa aai 

leadmg circumstances descnt>ed. 

6. The respective V(»]ume8 will be issued at a price considerablv- less than that usually charged; 
and as the tcxtd are from the most eminent sources, and the whole series oenstnieted upon a de- 
tliSlSBl ^t^f' ^fei^hf^^'^^a aih^pt^rSfOillai! '^^'^ editions, which is complained oif alduB bjr 

Wmm ■mwif the teatimMiitIa whidi the pabliAen bavo raeeivied, thtjr append tiM 
ibilowiqg loelwir tiMt tlw deeign of ttio leriee bee been Mbr end eoeeeeilbl^eniviel 

OeHilemm: — 

I have been much pleased with vour edition of Ca»«ar's Gallic Wars, Iveine part of Sclimitz and 
Zuiiiprs claN-siral senes for 8chiH)f»;. The work seems happily adapted to the wants of learners. 
The nolcs contain much valuable information, concisely and arx;urately expressed, and on the point* 
Chat really require oliundatioii, wlnlt; nt the same time the book is uot midercM tiresome ami cx- 
peosive by a ui^clesK urmv (•>' mrre leiiriuiig. The text is one in high repute, and your reprint of it 
■ pleasing to the eve. I take ^rent pleasure in commendm^ the publication to the atfeMtton Ct 
ttisnhwi U will, I am aeiwaded, cpowyMid ilaatf to all who pvs it a fair esumination. 

veiy HeqieetMljr/Vonr oht. .servt.. 

TDMeMi.LwA]nanebaid. JViiripntBwASfiSLt 

as. 1847. 

The edition ofOsaai^ Ooaumnlartas,'' embtaued in the Classical Seetlan of Chambera% Bdo- 
eatioual Course, and friven to the woild under the OMoiMi of Drs. Schmlte wpA Zompt has re- 

eeiTi^l from me a cHn<lid examination. I hare no hesltMlno In sayinr, that the at«n axpre.wed iu 

the notice of the publishers, hiis Incn snrre.'>sfuny nrr«»mplished, and that th« wont is well r t'r ii- 
lated to becfjOM^ popular and useful. The text apr»C':in to be unexceptionable. The amtol<i!ii)itt 
enilirace ia coiidensiMl form s irii valuatde informa'iim. as must not oiii/ f;u'ilitate the reecarrli of 
the scholar, but also stimulate to further inouiry, without eocouraginj; indolence. This is an iin- 
i^ortaut feuluro iu tbe right praiCOUtiop of qaanoet ftediWh which ouRht to Ite more eenemllxeiH 
Seistoodandoppr^dliea. j , r r - y u Cm^J^M^^b. 



TOI»VlfB He 

P. VIRGILII MARONIS CARMINA. 

KKARhY BEADY. 



LEA AMb BLANCHAEirfi POBUCATiaUfe 



SCHOOL BOOKS. 
BIRD'S NATURAL PHILOSOPHY. 

NBART.Y READY. 

OF BTATURAL PmtOSOPHT, 

BBMO All BXFBRIMENTAL IimiODUCTlON TO THK l UYSTCAX SClKNCn. 

lUimTIUTBB WITH OVER THREE HUMDBED WOOD CUTS, 

BY HOLDING BIRD, M.D., 

Assistant Pliysiciatt to Gay's Hospital. 
FROM THE THIRD LONDON EDITION. 

In one neat voluirie- 

« 

"By tte neeiuranee of Dr. Bird's wwk, the gtudent has now all t hn: he can cImxtb in one^ 
eoocaaa. aail welWicested volame. Hie ekments of natural phili*^ [ 1 1 v -.vn mwpunm m fwy 
— » HKi Ututnted bf w a aen m wood^aits."— Af«/<cni Gnzftsr. 



ARNOT rS PH YSICS, 

elejuemts of physics; or, natural phiix>sofhy, 

GENERAL AND MEDICAL. 
WRITTEN FOR UNIVERSAL VST., IN PLAIN, OR NON-TECHNICAL LANGUASB. 
BY NIEXrIi ARHOTT, IVt.D. 

A NEW EDITION, BY ISAAC HATS, M. D. 
COmjj^lete in one octavo volume, with lu^arly two humlrcH! wood-cuts. 

TliM itawlwd worit has been lenc and fiiTowabij known w one of the bgel popular ygp o rtw — 
rtiMiHtemllBgeciMeetttraaleoE ItiaezteiiiivelriiiedlBinaQrortteflnlniBn^ 



aEMENTARY CHEMISTRY, THEORETICAL AND PRACHCAL 

BY GEORGE FOWNES, Pn D., 

Chemical Lertnrerin the MMltliescx Hii^jiital Medical Si lir.ol, tkc., <kc. 
WITS KUMEROUS ILLUSTBATIOVS. 

EDITED, WITH ADDITIONS, 

BY ROBERT BRIDGES, 

flofeMor of GoBeral a&d Pharmaceutical Cheamtry in the nukdelphia College ofPto naftcy , dic^dnik 

SECOSD AXXEICAir VBITIOIT. 

ii MM larfe duodwiiiM volume, sheep or extmtlilth, with mulf two 

JmuwIiw^ wood-euta. 



The character of this work is such as to recommend it to all osi^ao* ^ ^^'SS^^ ^^71^.9^ 
text-book. It is fully broneht up to the day, containing all the late views and dneovenea that iMvt 
so entirely rhaii^cd the face of tlifi science, and it is complftely illasfnttwf with very nnroemoa 
wood engravings, explamitory of all the different prooesws and iormn of apparatus. Tl>oi»gt * ftiri etijy 
scientific, it is written with great clearness -and SMB|^UiOitjr of t]fl>i rawrtertag it ea^f tOba4 
bended by those who are nomniencinf: the study. , ^ ■ ^ . . 

itmaybehadwellboundinleeiUiar.oriieaflr'hMeiipteatmif dkllk. Bilpvyciea 
within the x«i|ici» of all. 




BREWSTER'S OPTICS. 
»T am DAVID fiBSwegrci. 

WITH NOTES AND ADDITIONS. BY A. D. BACHBi LIi.B. 

Superintendent of the Coast Survey, &c. 
|n one volume, l^o., witl> numerous wood-cuts. 
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LEA AND KLANCilARD'S PUBLICATIONS. 



SCUOOL BOOKS. 



BOLMAR'S FRENCH SERIES. 

Nfw rditions of the following works, bv A. BoLMAK, forTnirtjr, in con- 
nection with ** Bolmar's L$6vizm,'* a complete g^ntfl ios tho aoquiaiuou of 
the French language. 

A »£X.ECT10N OF ON£ HUNDR£D PERRII^'S FABI^C:^ 

AOOOMPANIBD BY A KEY, 

Containing the text, a literal and free translation, arranfed in such a manner as to 
point out the diffcrorice betwron the Fi encii und Englisli idiom, &c., in 1 vol., ISOMK 

A COT.T.ECTION OF COLLOQUIAL PTTR ASFS, 

ON EVERY TOPIC NECESSARY TO MAINTAIN C0NVER3A J lOV, 

Arranged under different bqads, with numerous remarkH on the peculiar pronunciation 
and uses of various wonh; tblr Whdte so dispn^ed as conniderably to ftcflitate 
•r ft OBiteel pBOMiioiayM of FraMl>» In 1 ▼oi, JteOb 



i«n ATEvrrtjRiss db vm^BmimvE far f»bix>n. 

In 1 vol., 12mo., accompanied by a Key to the first eight buolcs, in I vol., 12mn., con- 
taining. ii|ie tlie FabJef, the text, a literal and free translation, intended a« a sexual 
totlmFftMM. tttlinr volnnw Mid aeparntely. 

AU THE FRENCH TBRBS, 
Both regular and Irregntan in a small volume. 

nSnilin Y sTcsT 



PRINCIPLES OF PHY9ICS AND METEOROLOGY. 

BT LMULLSB, 
Pisfia sor of Ptqnloi H tlw JJainttdty of FrislnvBi 
■iMnMOP wm nuuuT nrs h^tttprfid a?vd nrrr BKoaaviMaa oh an mo 

COLUK£i> i'LATUi. 

In one octavo volume. 

Tliia Bdition it improved by the addition: of wiona ftrttdaa, and wUI to ftnmd Im 
fvtaj foipeet broqglit np to the tima of publication. 

"T\i4t rtiyikB of Mailer ia a work, cnperb, oomplela, oaiqna: tlM greatest want Imoan to Engw 

hsh .S<.itnc« could not )invp been better suppUwl. The work is of BorTassing interest. Th« Talae 

of tins roiitrihution to tli sriciitific records f [!:is country ni:iy \h- dnly cstimnted liy the fhrt, that 
the cost of the cvkinttl drawuigs and eograruigs alone has exceedvU the nuni of lAXMM." — IjtncrL 

BUTLEB'8 Ti^^ 

BY SAMUEL BUTLER. D.D.. 
Late Lord ]';shf)p of !.ifdifi('l;^ 
COMTAlUlNe T WKH Tt'OWB COI.OtJRED MAPS, AMD A COXFLKTB AOCaMTOaTSn INDBX. 

In one octavo volume, balP^haand. 

BUTLER'S ANCIENT GEOBfrAPHY. 



OR, THE APPLICATION OF ANCIENT GEOGRAPHY TO Tll« CLASSICS^ 
BY SAMUEL BUTLER, B.D., P.R.i. 
BCTISED TSt ins SON. 
Ttrm amkhicaw, from rnr f.\HT lojcdoji Komow, 
WITH QUESTIONS ON THE MAPS, JJY JOHN FROST. 
In one doodeelmo voltHM, liaff<ic«ind, Co mateh the Atlaa. 
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.I4A. AND Bi^CHAKD'S FUBUCATIOMa 



SCHOOL BOOKS. 



WHITE'S UNIVERSAL HISTORY. 



LATELY PUBLISHED, 

a&BMfiXfTs OF irxrzvBBSjaXi azsTOMTy 

OIV A NEW AND SYSTEMATIC PLAN; 
raOM im EARLIEST TIMES TO THE TREATY OF VIENNA; TO WHICH IS ADDEI\ A 

smauBt or nsst VEkOtm evknts mmm that nsioi^ for the 

USB OF SCHOOLS AND PRTYATE STUimnL 
BY H. WHITE, B.A., 

TRINITY COLLKOB. CAMBRIDOK. 

WITH ADDITIONS AND QUESTIONS, 
BY JOHN S. HART, A.M., 
PrincipRl of the Philsd«1phM High Sdiool, aud ProfiBMor of Bforal and Mental Scieooe, Jn.» A& 
In one TOlune, Urge duodecimo, neatly bound with Maroon Backs. 

This work is arranj^d on a new plan, which is believed to combine the 
adTantages of those tormerlv in use. It is divided into tlu-ee parts, corre- 
■pondins with Ancient, Middle, and Modern History ; which puts are agaitt 
anbdiviaed into centuries, so that the various • events are presented in the 
order of timp, while it is so arranged that the annals of each country can be 
read consecutively, thus combiniu^the advantages of both the plans hitherto 
pnrsned in works of this kind. To guide the researches of the student, 
there will be found numerous synoptical tables, with remarks and sketches 
of literature, antiquities, and manners, at the great chronological epochs. 

The additions of the American editor have been principally conEned to 
the chapters on the history of this country* The series of ^nestxms hy him 
will be found of use to those who prewr that system of instruction. For 
those who do not, the pabiishars hare had an edition prepared without the 
questions. 

This work has already passed thnmgh several options, and has been 

introduced into many of the hiphcr Schools and Academies throughoot the 
country. From among numerous recommendations which they have re- 
ceived, the publishers annex the following from the Deputy Superintendent 
sf GoasBMNi Sdiools for New Yoik: 

StcntufkOmee,^ ^ > State of New Toik. 

TVpartment of CommaBSclKWli. f Mbmi9,0et,lUk,WUk 
Mettrt, Ln ^ Bkmdmd: 
Omlkmmf-4 Im andBsd Ite eoiiv- «r "WliMi Unircml Bstay," wUA joa wm m 

oUisinr as to sead me. and dw et ftt Uy «nd ftiUyooocor in the coinmendnlieae ef tte ^H^mt,mm^amh^ 

pTBhensive and onliehtened sanrey of the Ancient and ^Todpm World which many of the most com- 
petent judges hare, ai I peroeire. already bestowed upon it. It appears t^> me to be admirably 
adepted to the p a rp ossi of oar pabUs sohooli ; and I aaheiitatingly approve uf iu introdnoUoo imo 
tklSS BUSrisailS OfftflSHBliqrtaSraeliak Ysiy MSpsetftilly, your obedient aervaal* 

SA>TT'FL S. RANDALL, 
Drptity SupeniiieiuUiit Compion Scfiools. 
This wcvic is admirably calculated for District end other libnuies : an edition fat ttuit pvpose 

HERSCHEL L'S AS TRONOMY. 
A vatSAVXss oar jistrovoxtt. 

BYSIR JOBNF.W.flESaCHBLL,F.B.a,Jbo. 

wrrn numkrovs plates and wooD-crrs. 
▲ NEW 4a)ITI0N, WITH A TREFACE AND A SERIES OF QUfSTIQNB^ 

BT S. O. WALKER. 

Iae«aTolaBis,]SBio. 
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ROSCOE'S LIVES OF THE KINGSOF EN6LAND. 

TO jVlATGH MISS STRICKLAND'S "QUEEKa" 

VOLUME ONB, CONTAtNING THE 

LIFE OP WILLIAM THE CONaUEROR. 

, , In neat royal duodediDO» ejitra elotli, or fancy paper. 

"The h«tOri«il render will find this a work of peculiar iuterest. It displays thrau^hoat ttie 
most pains-tukitiBT research, an«i a style of narrative which has all the iaoidity WOd sireni^ of 
(}il>huu. It 1.S a work w it li which, shedding such n lt?ht us we arc justtfled i& tafiBff it WiUdv 

vpva Eugkai hisUinb ew/ ii^caiy Mgtit to be pruvitlBi/'— ^^iwrfay I'mmn,' i 

' MEMOIRS OF THE LOVES OF THE POETS. 

Biographical Sketches of Wokett eeMrated fit Aneient and 

Mcideni Poetry. 

: i BY MRS. JAMIESON. 

In one royal duodecimo volume, price 75 cents. 



V FREDERICK THE GREAT, HIS COURT AND TIMES. 

EDITED, Willi AN INTRODUCTION, BY THOMAS CAMP- 
BELt; ESQ., AUTHOR OF THE -'PLEASURiSS OF HOPE." . 
« ' ' Second Series, in two dnddfecimo volumes, extra cloth). 

' HISTORYOFCONGRESS, 

ajCMlBlTlNG A CLASSirrrATlON OF THE PROCKEDITS'GS OF THE SENATE AND TUS 

jTT^ouse of Kj:rKi;si:N ta i^ivls. from itw) to 1793. EMjmACiNG the tibst . 

V^**^ TERM OF TIU: AUMIN'ISTI? ATION OF UENKRAf ^VASHI^GT(»^^ 

In om large octavo voliuue ot over 700 pages, price only ^1.50. 

mOOILU B IREEiA HP-K OW OOKFIiSTS. 

THE HISTORY OF IRELAND, 

(AilHICViaB £ARL0e5'r KINGS OF THAT nrA"T DOWN TO ITaiATJBBT CHimL<-i 

In two oclavo vuiuiucd, extra cloth. 

Mr. Moorn ha.s at Umcth roniplc!t.>d his Hl«tnr>' of Ireland r(jntttini)i{r the most troubled and iiiter- 
enUuf^ pernxls tiin>URh wlm.h it has passed. 'i'hi>sewho have posse^ii^d thcniselves of the work M 
lImb Ciroat Kx^HxliUuii a^aiiuil bcolland in 1^1^, cuu procure the second volume separate. 

HISTORY OF THFWAFnirF^^ IN l^!K^, 

CONTAINING MINUT£ DETAILS OF THE ItA lK.ES OF QOATRE>BRAS, LIQN7. WAVBX 

'■ [ BY CAFTAIK V/. SIBOiiNE. ' \\ H 

In one octavo volume, with Maps and Plans of Battles, &c., viz.; 

1 Part of l)«lpnim, indicating the distrihuiion of the nmucs on commencins hostilities. 2. Field 
of Qaatrfe-linuMllSo'dloek. H. M. 3. Field of Quatre-lJnis, atTo'oJock, P. M. 4 Field of Liijnv, 
at a quarter i>wi»-» O^doclt, P. M. 5. Fit-Id of Liuny, at hall i>a«t B ofdodCf P. M. fi. Field of Wuter- 
loo. at a qaarter past 1 1 o'clock, A. M. 7. Field 9t W-flterlod. it a goaitbr before B o'clock. P. VL 
8 Field of Waterlm>. at 5 miniiTi*!* past 8 o'clock, P. M. ft. Field of wnTre, at 4 o'clock, P. M., iSUi 
June. 10. Fii'ld <>l' Wavn-. :a 4 o'l-lork, A. M . lOth JUII*. 11. Att of FiailiM,0O «rlui» if alKnfB 
Uie ndvanoe ol the Allurd Armies uilu tliu Kiiit,'ilnrn. 
^•1. * . 

TZSXT BOOK OF £!CCX.Z:SIil.STICiii:i KISTOHIT. 

BY J. C. I GiiiSELJili, riiUFEi>i>UR UF TiiEOLOGV LN GO'lTLNGiLN. 1 RA.NSLATKD 

FROM THE THIRD GERMAN EDITION, BY F. CUNNINGHAM, 
' ; ' J ' bl;tb^ actaro TDhmics, cuutaiuiii? over 1!^ \txm IWKM. . . N 

ON A Mew and systematic Pf.AX, from the EARLIFSr TIMES TO 'niE tKEATT 
^ OF VlliKNA, TO WHICH IS ADDED A SOUMARlf OF TiUi LEADING 

C7ENT8 tfflAr FSSUOD. 

BT B. W H I T B, B.A, 

■ IXtB 'AMXnrCAN EDITION, WITtt ADblTIOMB 
. . . nV JOFN S. HART, A.M. 

In one large royui IZmo. volume, neat extra cloth. 
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U&A. ASiD BIiAN CHARD'S PTOUCATIOWa 



GiiAHAME'S COLONIAL HISTORY. 
HISTORY OF THE UNITED STATES. 

FROM TH£ PI*^NTATION OF TH£ BRITISH COLONIES 
TILL THEIR ASSUMPTION OF INDEPENDENCE. 
SBOOWO AMtWIOiJff BSmOl^ 
BNI^AROBB AlTD AMBNDSDy 

WITH A MEMOIR BY PRESIDENT QUINCY. 

IS TWO LAEGE OCTAVO VOLUMES, EXTB.A CLOTH, 
WITH A PORTRAIT. 

This work having assumed the position of a standard history of (hm 
country, the pubtiihen have been inonced toleane an edition in Bmalterein 
and at a less cost, that its circulation may be commensurate with its merits. 
It !s now considered as tbe moat impartiai and tmstwortby history dial has 
yet appeared. 

A lew copies of tbe editton in four Tobimes, on extra fine thick paper, 
price eight dollars, may still be had hy gentlemen desirous of procunnga 

beautiful work for their libraricg. 

" It is untversaliy known to literary men as, in its originid form, one of the earliest ius tones of 
this eonutry, uul certainly one of tbe best ever written by a foreigner. It has been constantly and 
copiously by every one who has, since its appearance, undertaken the history of this coon^ 
In the cours4< uf tlie tiiemoir preflxed to it, it is vindicated from the aspersions cast on it by mt. 

BaaeM|k,wJM^iiemUiel««,hasd0rif«dikoiaitmf^ ' — 

iMteiuil of ys oifB amlMtMNu, abto and extended woric It to nmed » two vt^omee. 
Ail ta flail ill wi^ to every library of any pretensions.--^rt9 York Courier 



COOPER'S NAVAL HISTORY. 



HISTORY OF THE NAVY OF THE UNITED STATES OF AMERICA, 

BY J. FENIMORE COOPER. 

TUIKD £DrXION, WITH CORRECTIONS AND ADDITIONS. 
Cwnplete, two volunei in one, neet extra doth, 
WiMi a Portrait of the Author, Two Maps, and Portrriits orVwu Jones, BuKSBBSS, 
Dale, PRr:BT.F, Dr-CATUR, Porter, Perrv, aud MlDokooob. 

WRAXALL'S HISTORICAL MEMOIRS. 



HISTORICAL MEMOIRS OF MY OWN TIMES, 

BY SIR N. W. WRAXALL* 

ONE NEAT YOLUMB, EXTRA 0L0TH« 

Thii it tbe work for which, in consequence of too truthful a poittaitliM af Catherine 0., ttM 
itMlw WW iiqpciaaned and £ned. Tai^ht by thte expaiiauoek Jus ■■?ftT'i^ B g mmaniia aop- 
icwiaa sttni vMT liii daatlL 

WRAXALL'S POSTHUMOUS MEMOIRS. 



POSTHUMOUS MEMOIRS OF HIS OWN TIMES, 

BY SIR N. W. WRAXALL* 
ur cnrs tolumb, bxtaa cloth. 



This wurk eonta!n«i murh secret and amusing aneedaltaCtkspMnlN0nt|MMlttS|ai 4f fhs4i9| 
which rendered its postlimuuus poblicatkm oecanaqr 



LEA AND BLAMCHARD^S F0BLICATIOII8, 



WALPOLE'S LETTERS AND MEMOIRS. 

THE UBITERS OF HORACE WALPOLE, EARL OF OjEtFORj>» 

CONTAINING NF.AKLY THRKE HUNDRED LETTERS. 

KOW fIfiST flittLkiliKD KROM Tii£ OiUGlNALS, AND FOiUiiiNQ AN UNUiTllRr 
... - UlC-i'ED S£B1£S FROM ITMi TO 1797. 

^ " .Isi H/ax large oetaTo ▼olomei, with a portrait of th« Author. 

TMfi I*ETTERS OF HORACE WALPOLE, EARL OF ORFOUD, 

TO SIR HORACE MANN, FROM 17r>0 TO 17«5. 
"< MOWJTIRST PUBLISH liD TKOMTHE ORIGIKAi* MSS. 
iuii -!>.•■ ^- 1" ^vk-o octavo volumes, lo malcli the above. 

* WALPOLE'S G EORG E THE THIRD. 

M^MOiOS OF THE REIGN OF KLNG GEORGE TU£ THIHD, 

BY HORACE W \ L P O L E. 
ZlM^.W riE&T FUBLISHBD FROM TH£ OSLlQlUAh MSS. 

EDITED, WITH NOTES, 

BY SIR DENIS LE MARCH A NT. 

Dmm ilMMiini coffipriM the first twelve y«Kn of ttva reifn of Georgf; HI ■ atid nicninmctod 
UiemBQlves csp«riiillv- to the r^ mlvr in this ooaatir, u oonUining ta aocooDt of UM omrlgr UooblM 

BROWNIN G^S HU GUENOTS. 

.JftB^fPRY OF THE HUGUENOTS— A NEW miTION, 

-COWTINUED TO THE PRESENT TIMB* 

' BY W. S. 13 R OWNING. 

, In one large octavo volume, extra cloth. 

*• One of the n»oat intorcRting and valuable cuntnbutinnn to mudeni \u»VoTy."—GmHcman's Moga- 

** Koi Uw i»Mt Intomiuix uutioa of Um work bat reforonoe to Um vtolenoo aad p«raiDiitkN» 
l» ra ^ i . < .^^^ - , — — ^ ' t . ■ r, ;. . .JL 

TCI/:; INSERSOL US LA TE WAR. 

IUjSTURICAL sketch OF THE SECOND WAR BETWEEN 
-I THE UNITED STATES OP AMERICA AND GREAT 

,.r. . BRI I ATN, DECLARED BY ACT OF CONGRESS, 
. >',■■> JUNE 18, 1812, AND CONCLUDED BY 

PEACE, FEBRUARY Vk 1815. 

^jt CMifLAZiES J. X£^G-£IlSOIiXi>. 
One volume octavo of 51(i pages, embracing the eyente of 1819^1813. 
Beautifully printed, and done up in neat extra cloth. 

RUSH'S CO URT 0 F LO W D 0 N. 

MEMORANDA OF A RESIDENCE AT THE COURT OF LONDON. 

... CUMi'KliiiiM* iNClDKNTS OFFICIAL AM) I'KHSONA I.. FKO.M iJji^ 'iO 1825; 
jgWfftklK^ JiaMttATIDN» on TRR onrnoN uckstion. am* otiikk t > t4enUD WLASmie 

bkt\vki:n the rsni;u (iT»TF«' \yn k'.t t nnAiW. 

BIT MZOUAUn SLU&M,f 
Amr SitmmliiMrr Md UUust«r Plonipoteniniy tironi the Oiiitcd StalM, fiom 1817 to nok 

In one large and beautiful octaTo volume, extra cloth. 
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f^A AND BLANCHA^iD'S fUBLICATIOJf^. 



NIEBU HR'S ROM.5. 

TMM SX8TOB7 OF BPVBf 

BY B. G. NIEBUHR. 
OOMPLETE IN TWO LARGE OCTAVO VOLUMBl. 
Done up in extra cloth ; or five parts, paper, price $1.00 each. 

Th«. ihr^ parts of this vaUmhle book havg nww hgfow be«a P"Mj!'>f£l° l^lj'Jg'gffi'^ 
ms: only lately be«n printed m Germunv, and translated ill £nglud. J^°f^\^J^^SX2u 
Profe«or Niebuhr's Lectures on the luiier part of Roman Hiatory, no Ion? lost totta wirti. 

« tt h an nnexuected aorpriae and lileasnre to the admirers of Niebih r~that is. to all 2™^**)*- 
denta ?f?n?"^SJy-S7!Jnver!^ frcm the frrav^ the htctm before uH,"-EckctK Btmm. 

"Tlie world has now in Niebuhr an inipenshahle modcL**— BfcnAutyA Feviem, Jam. ISM. 

"IbroiM dose oar remark* upon this memorable work, a work which, of aU that have aopeared 
fa (firSIta iSbert fitted to excite men of learning to mtellectual activity : from which the most 
w»o«S^«d teb^inay gather frMh rtwres of knowledge, to vyhich the most experienced rKjhu- 
cSnSS^rtfortheor^tical and practical inatractiom an d wjud i no geiBgawn read aa it oqgfat 
to h« Kad, witlKiUt fwlinp the better and more gmuiuw mmnnflf t of ■■■manrai MHWa^nv 
tMihvLned and strenRlhened."— />/jni"n;^ R/^tnctP. a ' u it fm a 

It 18 since 1 saw yon that I have been devouring with the most fntense admiratiqn »• OV* 
volume of Niebuhr. rh« clearness nnd comprehensiveness of all his military de^ 
tecnn in tint wmderiul mind, and how inimitably beautiful is that brief aooouarof Tenu."— Or. 

PUjDJF ESaOB JBAN^ J^^S HI STORICAL WORKS. 

BISTORT OP THE POPES, 

TBBdl CBDBCli All b STATF, IN TTTE SIXTEKNTH A.ND SEVENT£ENTfl CENTOBIfiSi 

BY I«£OPOItD BANKS. 
tsAanATniWHnxiAOTBniiavof TflitqiMMMitBrwAiasK. OUT. no..*, a. 

In two part*, paper, at $1.00 each, or one large yolttme, extra cloth. 

«A book mrtmHdinary for its leaminf and inwutiatttr, ud fcr to Jjwt and liberal view, of tte 
„m«5itde»crib««. The beat complteieiit lliii « be 5^ to Ifr. JU^ 

art us<h1 him of partiality to its opponent: the German Protestants complaining that AM ^«*» 
a too Catholic a sfnrit tlic Catholics declaring, that generally unptttMl M ha ■^Bli 



times 

arms 
written in 




ttie Protestant tendency of the history."— London Tbnt$. 

TSES TC7BKISB jam CTAanDRB 

n TOESIXTEENTH CENTURY AND BKGINNING OF THE SI 

BY PBOFESSOR I«£OPOXiD AAKJCS. 
TtasBLAnD noK the last BDmoK or m eniCAir, wr ytAvm k. kh&t. mq. 

Complete in oiie part, paper, price 75 cents. 

This work wag poblished by the aafhor to eoanezioa with the.^Histonrof the Popes," onder 
tbe name of •« Sovereigns aad Nationa of OuMt ham^BMMpfc to thaSiItwyiliaoige^toanth Cen; 
turir s " It may be oied aepaiataly, or boud vp with tlSr worit, ftr which poipoae two tiUea wU 

be found in it. ^ ^^^^ 

BZSTOBir OF TECB REFORMiLTZOXr IIX GITBTVr AOTTi 

BY PR0FESS08. LEOPOLD RANKE. 
FARTS PIBBT, fiBOOSTD AV1> TKIBI> VOW BBADT. 

TKVNSLATED FROM THE SECOND BOmON, BY SARAH AtTSTIN. 

Tb be completed m Five parts, each part contaxnuig one volume of tkt London edititm. 
** Fewamdem writers nossess such qualifications for doins Joitice to so {praat a nkttei as I>o 
pold Ranke.— Indefatigable in exertion^ ha ravela to the toU «tf exaBiiauiy araklM and atato 
papers : iionest in purpose, he shapes nla tnooriea from erideaoe; not like D'Anbigne, whaea 

romance of the Kcfomiation selects evidence to wipport preconceivoil theory. Buke Mever fN|ato 
tlie titatesmaii in the Uieologtan, or Uie hsitorian in the partisan."— .AlAeiuEua«. 

.(toe volVM 12BMt, p^par, price 50 cmta 

STUDIES OF THE LIFE OF WOMAN. 

FROM THE FRENCH OF MADAME NECivER DE SAUSSURE. 
IiaeMMatllBiak^M«Bie,tonoyP«PM'< IVeoTSMrti; . 

THE EDUCATION OF MOTHEES ; OR, CIVIUZATIOK OP 

MANKIND BY WOMEN. 

FROM THE FRENCH OP L. AIME MARTIN, 
to one IZmo. volume, papec, price 76 oeuta ; or in extra cloth. 
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ICA AND BUMCUAasrS FUBUCATIOMa. 



SMALL BOOKS ON GREAT SUBJECTS. 

A SERZX:S OF WORKS 

WHICH DESERV E TH E A TTETm ON OF TILE PUBLIC, FROM THE VARIETY AND 
tUFUBCTANCE OF THEIR SUBJECTS, AND THE CONCISENESS AND 
STRENGTH WITH WHICH THE7 ARE WAITTEN. 



liifm a nMt Uno. Mii«4, in pRper, or itimigl^ 

THERB ABB ALRBADY PVBLI8KBD, 

Nft 1.— PHILOSOPfflCAL T^rEORlES AND TOILOSOHUCAL EXPERIENCE. 

2. — ON THE CONNEXiON BETWEEN PHYSIOLOGY AND INTELLECniAT, SCIENCE. 

3. -ON MAN'S POWER OVER lUMSELF, TO PREVENT OR CONTROL INSANITY. 

4. — AN IHTKODncnON TO PRACTICAL ORGANIC CHB1I18TRT, WITH REFBR- 

ENTPS TO THE WORICS OF DAVY, BRANDE, LIEBIG, Ac 
6.— A BRIEF VIEW OF GREEK PHILOSOPHY BP TO THE AGE OF PERICLES. 
6.-GREEK PHILOSOPHY FROM THE AGE OF SOCRATES TO THE COMING OF 

CHRIST. 

7-^HRrSTTAN DOCTRTNE A^'D PRACTICE IN THE SECOND CENTURY. 

&— AN EXPOSITION OF VULGAR AND COMMON ERRORS, ADAPTED TO THE YEAR 

OF GRACE UDCCCXLY. 
ft— AN I^TK0DL•CTI0X TO VEGiTTABr i: nn'sioiOGY, WITH RSFERENGES TO 

THE WORKS OF DE CAi^DOLLE, LINDLEY, &C 
la— ON THE PRIMCIPLLS) OF CRIMINAL LAW. 

11. -CHR]8TtAN SECTS IN THE NINETEENTH CRNTDRT. 

12. — THE GENERAL PRINCIPLES OP GRAMMAR. 

" We are glad to find that Messrs. Lea A: Blimclitird are rcprintiii^r, for a quarter of their ori(?inal 
pnrM, th»< ndiiiirnblr !<eri(s a[ little tKmk», wbioti iiavs jostljr actnu^ted SO Biuch att«iitioa ia Giwt 
Bnlaui." — s Magazine. 

" The wriiera of these ihuughtful treatises ara Bot teboimn for liire ; ttaej are men wbohtvt 
«lood I9ut Ihni tlie tlumiSi uid mwAitA ttit mevMiieatB Hi th» crowd, tlM fetodandM cf aode^t 
its evils and iU •Ron, «ad| mirilitiiting lipon them, haw giran tbeir thoivhts to Uw Hwuglitfiil.*^ 
London Critic. 

*• A series of little volumes, whose worth is not at all to be estimated by their size or price. They 
are wnlteo io Eogluud by sdiolam of emkiMit ability, wbose design il to calt (he •Umtioii of die 
fiUie (• vttioai inporUuil (opioi, in aaovel ind MCOHible node of vMSMtimJ^-^H, T.ihmg 



MACKINTOSH'S DISSERTATION ON THE PROGRESS 

CF ETHICAL PHILOSOPHY, 

WITJI A PREFACE BY 

TH£ ll£V. WILLIAM WHEWELL, M. A. 
In one neat 8vo, toI., extra doth. 

OVERLAND JOURNEY ROUND THE WORLD. 

DURING THE YEARS 1841 XSD 18*3, 

e 

BY SIR GEORGE SIMPSON, 

GOVKRNOR.H^-rHIKF UF THE HUDSON'S BAY COMPANY'S TERRnXJRIES. 

Ill one very neat crown octavo volume, rich extra crimson cloth, or la two 

parte, paper, price 75 cents each. 

"A more valuable or instmctive work, or oue more full of perilous adventure and herdc enter 
priae, we have never met with."— Joftn Bull. 

" U abounds with details of the deepest lnler»it» poeweee ell Uie chemn of M eadting romttwe 

•MB ef vilmble 



ISA. AND BI<ANCBAKD'S PUBLICATION? 



UNITED STATES EXPLORINfi EXPEDITION. 

THK NARRATIVE OF TRE 

UNITED STATES EXPLORING EXPEDITION, 

DURING THE YEARS 1^38, '39. MO, 41, AND '42, 
BY CUARIiKS WIX1KSS9 ES^., VmUmV* 

COMMAWDKR OF MB BITCNTIOV. STC. 

PHICE TWEWTY-PIVB DOLLARS. 
A N< w K "iiion, in Fivo Medium Octavo Volumes, neat Extra Cloth, partteularlydl 
up With rfffreiicti («> strength and continued use: containing Twehtt Six Uiui- 
MtSO P*onof t<L>tter<pres9. Illustrated with Mapt*. and »lioat TaMMM 

UliNORKn Si'I.KNDTD EnOR A VI Nr;-J ON Woiil). 

PRICE ONLY TWO DOLLAHS A VOXiUmE. 

Thoui;}i nfTered at n price bo low. this is the oomplsCa work, contaminir all tha letttnr-prasB oTdM 

odttinn pritiifil I'lr Coiit^rcsH, \viih 8onn; improvement* su?t;i;st< d m the conrsf of pa*.sin^ the work 
litTHUi thri>u-li !hi< |>re>». Altof the wofid-cut illustrations iitc retained, ami iic.iriv nil themapa; 
11 1' I;iii:t sti I'l fil.tt«'S uf Uir (jMiito « <lilinri iifinp: oiiiiltfil, ami nod wooil-cufs snb^tl^l!•■ :'m fi>r1y- 
y«veu steel viKueUes. It is priiilfHl un line paper, v«iiU turgie type, Uuund in very neut extm cioUi, 
and fi>rfM a beautj/til work, with its veiy numerous and uppropriute enibtiliishments. 

Thf! :iUf>Titi(>n nf persons formin^T libraries is especiiiUy directed to this work, as preasBtjait the 
nuvul and valuable matter accuinuiated by the Expedition in a cheap, cottYenient, and readable ftna. 

SrilOOL ami (»(Iier PUBLIC LIBRARIES should not be witl.uni it. as embodyiii- the resalte «f 
the finA Scieiitilic I^xpcdition cummiasionod by our RovernnieiU to explore foreign regKMis. 

"We have no hcsit.-ttion in .<!nyiDg that it is destined to stand anions: the most endaring mooo- 
ments of our iii;lioiial literature. Us contributions not only to ever,' di partment of bcienre. bot 
evprv dr- artaiL iit cif hislorv, an* immense ; and there is not an iolellj^ent ntun lu the commanil;— > 
u<< n'i.it-L«'r v. hul may l>«- Ins la.sU'. or Ins (K^cupation, but wiU iUldeoiMCfaiBf ]Mf« tO eBli|ll«it^ 
gratii^, ami to prullt hun."— JUMmjr Helmious ^/ecUUor. 



ANOTHER BOITION. 
PRICE TWENTT.FIV£ DOLIiARS. 

IN FIVE MAGNIFICENT IMPERIAL OCTAVO VOLUMES; 

WXIR AST ATLAS OF LARaS AND SZTBNXXBD MAP& 

BEAUTIFULLY DONE UP IN EXTRA CLOTH. 

This truly great and Nai ion ;il Work is issm^d in a style of f^uperinr ma^niRrcnre 
uud b«;auty, containing Sixty-tour lartre and litiislM'd Line Enijravings, cmhracing 
Bcpnery, Portraits, .Manni rt;, Cnstonis, Aic, &c. Forty-seven e.\<juiPite Steel Vignettee, 
worked aoiong tbe letler^prew ; about Two Hundred aitd Fifty finely-executed Wood- 
cut IlliMtratioM. Foartaen liiie rad himJI Bfape and Gbins, and oearljr Tweoiy-atx 
Hundred pafM of Letier>|»reM. 



ALSO, A FEW COPIES STILL ON HAND. 

THE EDITION PKINTEfi FOfi CONQB£SS» 
zir XTVE vox>U90aB8, Ajn» Air atuis. 

LARGE IMPERUL QUARTO, STRONG EXTRA CLOTH. 
FRIOB 8IZTT DOLLAB& 

JUST IS?:UFD, 

THE ETHNOGRAPHY AND PHILOLOGY OF THE UNITED 
STATES EXPLORING EXPEDITION, 

UNDER THE COMMAND OF CHARIXS WILKES, ESQ., U. & NAVY. 

BY HORATIO IIALK^ 

rmi.ni.oGtsT to the ExrF.nmo.v. 

in one lar^ imperial octavo volume nf nearly sereu hundred pa^es. W lUi two MsLpa, praited te 

metdi the Oaa^nm oepiea of the " Nanratife.** 

Vriee tbm bollari, in beautifiil extra cloth, done np with freat atraagtlk 

S^Thitiatheonlreditioa printed, and bat ftw ate ofibred Ibrnle. 

The remaiiider of the scientific works of the Elxpedition are in a uTat^ of rapid progress Ths 
vOome on Corals, by J. D.J>ana, Esq., with an Atlas of Plates, wUi be shortly ready, lo be fol- 
lowed oytne otbeia; 
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LBA AHD BLANCHARD'S PUBLICATIONa 



DON QUIXOTE-ILLUSTRATED EDITION. 

NEARLY READY. 



DON aUIXOTE DB LA lANOHA. 



MIGUEL DE CERVANTES SAAVEDRA 

BT OBARZiES JARVI8, ESQ. 

CAREFULLY BSVISAD AND CORRECTED, WITH A MEMOIR OF THE AUTUOR AND A 

NOTICE OF HIS WORXa 

WITH NUMEROUS ILLUSTRATIONS, 

BT TONY JOBANNOT. 

In two beautifully printed voluiQes, crown octavo, rich extra erimaon clotlk 

v. - 1^/ V 




ThaimUidMnaraliappf inpflMentinir to the admiren of Don Qohtote an edition of tintwonfc 

In some degree worthy of its repntation and popularity. Tim wnnt of such a one has hms; been felt 
in this country, nnd in presenting this, tlicy have only to express their hope that it may meet the 
numerous demands and inqmries. The tmnslatioa is that by Jarris, which is acknowledged supe- 
fkarin both ferae and fideli^ to an olhtra. tthatteioine few imtanoei been slightlj attend to adapt 
it better to modem rrudors, or occasionally to suit it to the Inimitable desi^ of Tonj Johannot. 
These latter are admitted to be the only successful pictorial exponents of the wit and hnroorot 
Cenrantes, and a choice selection of thein have been engraved in the best manner. A uopioua 
Memoir of the anlhor and his worita baa been added bf the editor. Tlie volaniea am printed in 
laige clear type, on fine paper, and bandantnely bound, and the whola li eonfideatlr oAnd at 
wonoiir me approbation of all iwdenaftUi iaaparishaUe 
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LEA AND BLANCHARD^S FUBLIGATIONa 



PICCIOLA. 

ZIiI.USTRAT£D EDZTZOV. 

PICCIOLA, THE PRISONER OF FENESTRELLAi 

OR, CAPTIVITY CAPTIVE. 

A NEW EDITIOX, WITH ILLUSTRATIONS. 

la OM etaganl duodecimo voluine, large type, and fine paper ; price in fancy coven 

OOcesia, or ta btMtlAil eitm erimioii eloth. 

•Ftrhaps the nuMtbaantifidaiidtoMkiBf mik ef flflOni em wiiltm,ivttlitteene|«iMir 

VmUm."— Atlas. 

**TfM tame pnbliithera hare thown their patriotism. oomnoQ feme, and good tMto bf pattiac 

forth their fourth cilition ot this work, with a set of vf-ry N-autiful engraved embellishments. Thera 
never was n hi» k wturli JK^ttt-r (iRsu-rvetl the conipluneut. It is one of preatly suwnor merit to 
Faal ttiul Virginia, riiiil we l)<>h«?ve it is destined to surpass that popular work of St, i'lcrre in popa- 
larity. It is Ix tt. r ^ Jit*(l to fh«> advancetl ideas of thr present aije, and j)o-ssi?s.vf.s j>f<;uliar moral 
charms in w!;ii ii ThuI and Virinnia is dcfiritMit. St. I'lernrs work d«^riv»id its iM)pulan«v from r-s 
boUi attark on feudal pr* judices ; SainUne'a athkea deeper, and anads the aecret infideiiu whidi 
ia the bane of modem sori«>ty. in teitraighoU. ▲ tluMinad editioai of MeMawill Mk ke tie 
many for itn merit."— iMity's 'Hook. 

**Tlua is a little pern of its kind— a bpantiful conceit, beantifuUy unfolded and applit-*!. TTie style 
■id plot of this truly rhnriiiiiiir stor>- n fjuin) no criticism ; we will onW expro^s the wish thai Ihtrv 
who rely on works of hciiou for their intellfctual food, may alwtgra mid lho»c as pure m lan^ua^u 
and beMbM in moral as Picciola." — l^ew York Ranew. 




ta procnhnK it now— and to tlraaewho read it then, but do not possess a copr, to embrace the op- 
portunity o[ aupplying tliemselves from the preaent very excellent edition." — Saturday EvemngFott. 

** A new edition of thi» exqoisit* atoiy has recently been issued by Mmsts. Lea <Sc Blanchaid, 
embelluhed and illuatrated in the most elegant manner. W e underaUnd that the work was < — 



elelyoatof print, and a BOW editian teilf tiiett hi TOtoonaed. it cootaineadeliiriitfulletterfhMi 
I aothor, giving a painfld inali^ into the penoMH uMaqr of the ^andervi^ 4nue ta tin 

ttory."— £uf»wnj; Builetm. 

** The nuMt charming work we have read Sat uaaj a dajr**'— -SMAnond Enpurer. 

LQVER^S BQBY O^MQRE, 

mPBV O'KOBE-JI. XTATZOWJt& mOKiLirOB, 

BY SAMUEL LOVER. 
A new and cheap edittou, with lUaatrationa by the Author. Price only 25 ceota. 
Aln, a beaaCifii] adittoa ia royal 12aia, price 50 cents, to match the following. 

tra)yIririi,ttationBl, and ebanetariatie itxKy.**—Lai»dm lAkrarf Gttttte. 
•Mr. Lover has here productxl his hcsl w ork of fiction, which will sun'ivc when h:Uf the In>h 
aketches w ith w hich the literary world lueuis are iurgutten. The mterest we lake lu the vantii 

I t~ l.>. .,,11....^ •.^ ^%t^^ - «-■-■- Ut_ -- . . . . . - _m 



nd vLuturi's ui luiry never ouce buiii-red to ibile. Wo welooaie hkB witli high doligMt eel 
pert trom hua with regret."— ikmdon Sua. 

LOVER'S IRISH STORIES. 

XisaairBB akd stories of iRBiiJkvVt 

BY SAMUEL LOVER. 

In one very neat 12mo. volume^fine paper, extra cloth or fancy pa^>er. 
With Ulutianoai ogr the Author. 

^ LOVER'S SONGS AND BALLADS, 

INCLUDING THOSE OF THE "IRISH EVENINGS." 
in one neat 12mo. voiame, price 2^ cent*. 

JMEARSTON, 

OR THE MEMOIRS OF A STATESMAN AND SOLDIER 
BY THE REV. GEORGE CROLT, 
Aothor of ** Salathial,'' " Ai^el oC the World." Sec 
In one octavo ▼olume, paper, price fifty centa« 

*A woriL of high ohameter aMl ahnrhtaf ialWMt.''-- ASne OriMnt Afr 
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LEA AND BLANCHAUD'S PUBLICATinNS, 



MEDICAL BOOKS. 



TO THE MEDICAL PROFESSION. 

The following list embraces works on Medical and other Sciences issued 
by the Bubscribers. They aie to be met with at all the principal bookstorea 
Uuoughottt the Union, and will be found aa low in priee as ie ccmeiateot 
with the correctness of their printing, beauty of ezecntion, illustration, and 

durability of binding. No prices are here mentioned, there being no fixed 
elandard, as it is evident that books cannot be retailed at the same rat© in 
New Orleans or Chicago as in Philadelphia. Any information, howsYer, 
relatire to sise, cost, d&c,, can be bad on application, fiwe of postage, to the 
mtbscribers, or to any of the medical booksellers thronghont the country. 

LEA 6l liLANCHARD, Fhiladdphia, 



DICTIONARIES, iOURNALS, ^ 

AMERICAN JOURNAL OP THE ME- 
DICAL SCI£NC£S» quarterly, at a 
year. 

AN ANALYTICAL COMPEND of the 

various branches of Practical Moilicitic, 
6iireery, Anatomy, Midwifery, Disi-.-ihcs 
of Women and Childrop, Materia Moilica 
and Th<»rappiitic<», Pliysinlopy, Chemis- 
try and Phariiiacy, hy Joim NciM, M. D., 
and p. Gurney Smith, M. D., witli nu- 
merous illusiraiions (lu ai ly remly ). 

CYCLOPiEDIA OF PRACTICAL MEDI- 
CINE, by Porhe«, Tw««die, edited 
by Uungltson, in -1 super rnyal voiuines, 
31.54 ctoublu culuomt-d pages, strongly 
bound. 

PU\U:TJ=50N'g MEDICAL DrCTTON- 
ARV, 6th ed., 1 vol. imp. 8vo., e04 large 
paf en. double eolumna. 

UOBLYN'S DICTIONARY OF MEDI- 
CAL TERMS, by Hays, 1 vol, large 
12mu.« 402 pages, double eolamss. 

MBDICAL NEWS AND LtBRART, 
nMHittily, at ti a year. 



HORNER'S SPECL\L ANATOMY AND 
HISTOLOGY, 7th edition, 2 vols. 8vo., 
many otta, 1130 pages. 

HORNER'S TJNITBD STATES' DIS- 
SECTOR, 1 vol. laifo royal 18Rio.,naaaf 

cuts, 444 pages. 

aUAIN*S BLBM BNT8 OP ANATOMY, 

by Siiarpey, many cuts (preparing). 

i WILSON'S HUMAN ANATOMY, by 
Goddard, 3d edition, 1 voi.tivo., 2i5 wood* 
cuts, flSO pafes. 

\Vir>'f)N"S Dr??:ECTOR,orPrarticnI and 
Surgical Aiiatomy, nvith cuts, 1 vol. 
ISino., 444 pages. 



ANATOMY, 



Aft ATOMfCAL ATLAS, by Smith and 
Horner, lafya imp. 8to., 050 flfuref. 



PHYSIOLOGY. 

CARPENTERS PRINCIPLES OF HU- 
MAN PHYSIOLOGY, edited byClymer. 
J vuL hvo., i)V( i .1)0 1 1 111 si rations, 3d 
^ eUitiun, witii many additions. 

CARPENTER'S ELEMENTS. OR MAN- 
0AL OP PHYSIOLOGY, 1 voL 8vo., 

56fi papes. many rtits. 

CARPENTLirs CO.MPARATIVE ANA- 
TOMY AND PHYSIOLOGY, revised 
hy tiio aiitiinr, witb beautiful engravinct 

(preparintr). 

CONNECTION BETWEEN PHYSL 
OLOGY AND INTBLLBOTUAI* 
80IBNCB, 1 vol. 18mo., psper, 8S otib 



LEA AND BLANCHARD'S PUBLICATIONS. 



MEDICAL BOOKS. 



CYCLOP.flDIA OP AN'ATOMY AND 
PU Y8IOLCX*Y, based ou ibe large work 
of Todd, la two volt. laf|« 8f«.. aoiDW- 
OU8 cuts (preparing). 

IHJNOLISON'S HUMAN PHYSIOLOGY, 
01b «ditiiMi, S volt. 8vow, 1399 pag«t* and 
370 wood- cuts. 

HAKEI80N ON TUfl NERVES, 1 vol. 

8vo., <9t pages. 
MULLER s rHYSIOL0OT,byBtil,lVQl. 

8vo., 886 pages. 
BOG E PS OUTLINES OP PHYSI- 
OLOGY, 8vo., 516 pages. 

80LLY ON THE HUWAN BRAIN. ITS 
STRUCTURE, PHYSIOLOGY, AND 
DISEASES (praporing). 

TODD AND BOWMAN'S PHYSIOLO- 
GICAL ANATOMY AND PHYSI- 
OLOGY OF MAN, with numerous wood- 
cuts (publishing in the Medieal Newi). 
la he cofliplcte in one voloaM. 



> PATHOUMY. 

ABERCROMBIE ON THE STOMACH. 

new edition, 1 vol. 8vo., 320 pages. 

ABEECaOMBIE ON THE BRAIN, new 
edition, 1 vol. 8vo., aM pafea. 

ALISON'S OUTLINES OP PATHO- 
LOGY. Ac, 1 vol. 8vo., 420 pages. 

ANDRAL ON THE BLOOD, translated 
by M e i gs and StilM. 1 vol. imaU 8vo., 1911 

pa pes. 

BERZELIU3 ON THE KIDNEYS AND 
URINE, 8vo., 180 pages. 

BENNET ON THE UT£EU0» 1 VOl. 
12mo., 146 pages. 

BODD ON THE LITBR, t vol. 8vo., 383 

pages, pintrs and wood-cnta. 

BILLING'S PRINCIPLES, 1 vol. 8vo.,304 



WILSON ON THE BKXV, 1 vol. Qvo^ 
370 pa^es ; a new edition. 

Same Work, with coloured plates. 

WILLIAMS' PATHOLOGY, OR PRIN- 
CIPLES OF MEDICINE, 1 vol. Bvo., 
384 pages. 

WILLIAMS ON THE RESPIRATORY 
ORGANS, by Clymer, 1 vol. 8vo., 500 



BIRD ON URINAR7 DEP06IT8, 8vo., 

228 pages, cuts. 

BASSE'S PATHOLOGICAL ANATO- 
MY* 8va, 379 pagee. 

HOPE ON THE HEART, by Pen nock, a 
new edition, with plates, 1 vol. 8vo., 572 
paRce. 

HUGHES ON THE LUNGS AND 
HEART, 1 vol. 12tuo., 270 pages, with a 
plate. 

PHILIP ON PROTR ACTED IlfDiGHS- 

TION, evo., 240 pages. 

PHILIPS ON SCROFULA, 1 vol. 8?o., 
3S0 pagea, platea. 

PROITT ON THE STOMACH AND RE- 
NAL DISEASES, 1 vol. tivo., 466 pages, 
eoKMirad platee. 

KICORI) ON VENERBAU new edition, 
1 vol. 8vo., 256 pages. 

V5aEL*S PATHOLOGICAL ANATOMY 
OF THE HUMAN BODY. 1 vol. 8va, 
536 pages, coloured plates. 

WALMBOy THE LDNOSk 1 voL 1«iqo., 

efSlr 



PRACTICE OF MEDICINE. 

APHWELL ON THE DISEASES OF 
FEA^ALES. by Goddard, 1 vol. Svo., m 
pagee. 

BARTLETT ON THE HISTORY, DIAG- 
NOSIS AND TREATMENT OF TY- 
PHOID, TYPHUS. BILIOUS REMIT- 
TENT, CONGESTIVE AND YELLOW 
FEVER, a new and extended editjOD of 
ble Ibrmer work (nearly ready). 

BENEDICT'S COMPENDIUM OP 
CHAPMAN'S LECTURES, 1 vo«.8vo., 
SI58 pages. 

CHAPMAN ON THORACIC AND AB- 
DOMINAL VISCERA, 4cc., J vol. 8%'o„ 
384 pages. 

CHAPMAN ON FEVERS, GOUT, 
DROPSY, ic. &c., 1 vol. 8vo., 450 pages, 

COLOMBAT DE L'ISERE ON FE- 
MALES, translated and edited by Meigs, 

1 vol. 8vo., 720 pages, ruts. 

COATES' POPULAR MEDICINE, a new 
edition, brought up to the day, many 

cuts (preparing'). 

CONDIE ON THE DISEASES OF CHIL- 
DREN, 2d edition, 1 vol.8vo.. 658 pages. 

CHURCHILL ON THE DISEASES OF 
FEMALES, by Huston, 4tli ediUon, 1 

vol. 8vo., 604 paees. 

CHURCHILL 0?rrHE MANAOBMBirr 

AND MORE IMPORTANT DISEASES 
OF INFANCY AND CUiLDUUUD 
(preparing). 

CLYMER AND OTHERS ON FEVERS^ 
a complete worii, in 1 vol. 8ro,, (iOO 
pages. 

DEWEES ON CHILDRHN, 9th edition, 

1 vol. 8vo., 548 pages. 

DEWEES ON FEMALES, 6th edition, 1 
vol. Bvo., 08 pages, with plalee. 

DUNGLISON'S PRACTICE OF MEDI- 
CINE, 2d edition, 2 volumes 6m., vm 
pages. 

ESaUIROL ON INSANITY, by Rant. 

8vn.. 496 pages. 

MEIGS ON FEMALES, in a series of 
Letters to bis Class, with cttta (a new 

work, nearly ready). 

THOMSON ON THE SICK ROOM, ^ 
1 vol. large 13nio., 300 pagee, eata. 

WATSON'S PRINCIPLES AND PRAC 
TICE OF PHYSIC. 3d improved editioa, 
by Condie, 1 very large voL BtO^ OVCT 
1000 pagee, strongly boaod. 
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LEA AND BLANCHARD'S PUBLICATIONS. 



MEDICAL BOOKS. 



$URG£RY. 

BRODIE ON UaiVAHY ORGANS, lyfA. 

evo., 214 pages. 

BRODIE ON Tll£ JOINTS, 1 tqL Qvo. 
216 pagei. 

BRODIB^B LECTURES ON BOBOEaY, 
1 ▼«i]*8vo. 



BRODIE'S SELECT SURGICAL W0EK8 

I vol, 8vo , 7KI pajps. 

QU£LiUS SYSTEM OF SURGJSRY, by 
South and Norris, in 3 Uive 8vo. viiIb., 
over SKXXI pages, well bound. 

qOOPER ON DISLOCATIONS AND 
FRACTURES, 1 vol. 8vo., 500 pp., many 

COOPER ON HERNLk, 1 vol, iiB|ft. 8vo., 

428 pages, plates. 

COOPER ON THE TESTIS AND THY- 
MUS GLAND, 1 vol. imp. 8vo., raaoy 
piatM. 

OOOPI-R OV TUK ANATOMY AND 
DI8EASFS OF THE BREAST, SUR- 
GICAL PAPERS, &c. dec., 1 voKimpe* 

DRUITT'3 PRIXCTPLES AND PRAC- 
TICB OF MODt^RN SURGERY, 3d ed., 
1 8vo., 534 pages, many cula. 

DURLACHER ON CORNS, BUNIONS, 
Jbc, ISoio., 134 pagea. 

DISEASES AND SURGERY OF THE 
liLAR, a new and complete work (pre- 
pariDiV 

F E RGUSSON'6 PRACTICAL SURGERY 
1 vol. 8va, 9d edition, 640 pagea, many 

cuts. 

GUTHRIB ON THE BLADDER, 8vo.. 
ISO pagea. ' 

HARRIS ON THE MtAXILIiARY SI- 
NUS, Svo., 166 pagea. 

lONfSS* (WHARTON) OPHTHALMIC 
MEDICINE AND SlJROERY, by Hays, 
1 vol. rnyal 12mo., 529 pages, inaDyeulS, 
and platcjs, plain or coloured. 

LISrON'S LECTURES ON SURGERY, 
by Muttar, 1 vol. &vo., 566 pages, many 
cuta. 

LAWRENCE ON THE EYE. by Hays, 
new edition, much improved, 863 pagea, 
many cuta and platca. 

LAWRRNCE ON RUPTURES, 1 TOl. 
evo., 480 pagan. 

MALdATGNE'S OPERATIVE PUR- 
(JLRY, with illuptralions (preparing). 

MILI^ER'S PRINCIPLES OF SURGERY, 
1 vol. 6vo., 580 pagea. 

MILLER'S PRACTICE OF SORGBEY, 
1 vol. Svo., 406 pagea. 



MAURY'S DENTAL SURGERY, 1 vol. 
8vo., 886 pagea, many piatea and cata. 

ROBERTSON ON THE TEETH, 1 vol, 

8vn., 230 pages, plates. 

SARQKXT ? MINOR SURGERY, 1 
r^uio., wUia cuU (preparing). 



MATERIA MEDIOA AND THERA- 
PEUTICS. 

DUNGLISON'S MATERIA MEDICA 
AND TBERAPEUnoS, a new edltiao. 
with cuU, S vole. 8vo., 966 pagea» 

DUN6LISON ON NEW REMEDIES, Sth 

ed., 1 vol. 8vo., 053 pages. 

ELLIS' MEDICAL FORMULARY, 8th 
editioD, much improved, 1 vol. 8vo., SETS 
pagee. 

GRIFFITH'S MEDICAL BOTANY, a 
new and complete work, it large vol. 
8vo., with over 380 Slnitrationa^ 196 
pigee. 

ORIFFTTfl'P TTNIVER?AL FOR Mr. 
LARV AND PHARMACY, a new and 
eomplete work, 1 vol. lai^e 8vo. (at 
press). 

PERETRA'S MATERIA MEDICA AND 
TUKKAPEIJTICS, by Carson, 3d ed., 

2 vols. 8vo., 1580 very latge pagee, nearlf 

300 wood cuts. 

ROYLE'S MATERIA MEDICA AND 
THERAPEUTICS, by Canon, 1 voL 
8vo„ 680 pagee^ many eutai 

8TITJ.R3 HLEMENTS OF GENERAL 
TilEUAPIAUTiiOS, a new work (pre- 
paring). 

UNIVERSAL mSPBNSATORY, with 
many wood-cuta^ 1 vol. large Bvo. (pre- 
paring). 



OBSTETRICS. 

CHURCHILL'S THEORY AND PRAC- 
TiCB OP MIDWIFERY, by Huaton, Sd 
ed., I vol. 6vo., 5S0 pagea, many eitta. 

DEWEES' SYSTEM OF MIDWIFERY, 
11th edition, 1 vol. »vo., titiU pages, with 
piatea, 

RIG BY S SYSTEM OF MIDWIFERY, 1 

vol. Pvo., pages. 

RA?iT5^nnTHAM ON PARTURITION, 
wiih many plates, 1 large vol. imperial 
8vn., new and improved edition, 690 
pagea. 



LBA AND BLAJSfCBABJye PUBUGATIOHa 



MEDICAL BOOKS. 



CHEMISTRY AND HYGIENE. 

JIBIGTIAM ON M i:\TAI. EXCITE- 
MfclNT, Ace, 1 vul. l-2iiio., ii04 pages. 

DUNGUBON ON HUMAN HEALTH, 
9A edition, 8vo^ 464 pasei. 

FOW.VES i:rJ:MRVTARY CHEMIS- 
TRY FOR STUDENl'S, by Bridges, 2d 
cdittou. I vol. royal ]2iuo., 4tiO large 
paf es, DiADy eats. 

GRAnAM'S ELEMENTS OF CTIEMIS- 
TUY, 1 large vol. 8vo. (new and im> 
proved edition at pr«w), many cute. 

MAN*S POWER OVER HfMSBLF TO 

PREVENT OR CONTROL INSANITY, 
iHina, paper, pnci' '2a cealji. 

PEACriCAL ORGANIC CH£M1STAY. 
JOdo.* paper, 95 ct«. 

SUI0N*8 CHEMI9TBY OF BfAN, 8vo., 
730 PM^i pl«t<w- 



MEDICAL JURISPRUDENCE, EDUCA- 
TION, 8oo. 

BARTLETT'S PHII.OSOPHY OFMSDI- 
CIXE, 1 vol. 8vo., 312 pages. 

DUNGLISON'S MEDICAL STUDENT. 
9A edition, ISnio., 3Jti pagee. 

TAYLORS MEDICAL JURISPRU 
DBNCE, by Qriffitb, 1 vol. 8vo., MO 
pspes. 

TAYLOR3 MANUAL OP TOXICO- 
LOGY, edited by Griffilh (at press). 

TRAILL'S MRDfCAL JURIBPRV* 
D£NC£, 1 vol. 8vo.,234 pages. 



NATURAL SCIENCE, 8bO. 

AR NOTTS ELEMENTS OP PHYSICS, 
new edition, 1 vol. 8vo.» 484 pagee* many 

cuts. 

ANsri:n's antifat WORLD— popu- 
lar GEOLOtn . with numeroue illus- 
trations (nearly ready). 

BIRD'S NATURAL PHILOSOPHY, from 
a new London edition, 1 vol. royal IS&do., 
many enti (at preee). 

BRKWSTER S TREATISE ON OPTICS, 
1 vul. 12aio., 423 pnp:cs, many cuts. 

BABBAGE'S "FRAGMENT." 1 vol. 8vo., 
350 pages. 

BUCKLAND'S GEOIiOGY AND MINE- 
R A LOGY. 2 vols. 8v*»„ witli Dnmecoiie 

platen and mapH. 



j BRIDGEWATER TREATISES, with 
I many platen, cuts, mops, Iec, 7 vola. 
} Bvo«» 3967 pages, 

^ CARPBNTER*8 ANIMAL PBT8IQL0- 

GY, with 300 wood-cuts (preparing). 

CARPENTER'S POPULAR VEGETA- 
BLE PHYSIOLOGY, 1 vol. royal 12mo., 
Many cats. 

DANA ON COR AT S. 1 vol. roya! 4to., 
with an atlas of plates, being vojs. 8 and 
9 of V. States Exploring Expedition (at 

press). 

DE LA BECUFS NEW WORK ON 
GEOLOGY, with wood-Cttta (pcepariog). 

GRIFFITHS' CHEMISTRY OF THE 
FOUR SKASOXS, 1 vol. loyal lano.. 

4ol pa?<'?, many cuts. 

HALES ETHNOGRAPHY AND PHI- 
LOLOGY OF THE U. S. EXPLORING 

EXPEDITION, in 1 larjre in)p. 4to. vol. 

HERSCHELL'S TREATISE ON ASTRO- 
NOMY, 1 vol. ISmo., 417 pages, nuiner* 
ous plates and cuts. 

INTRODUCTION TO VECJET.VBLB 
PHYSlOLOGi , founded on ihe works 
Of Da OandoUa, Lindiey, *e., IBmo. 

KIR RY ON ANUf AL8, platee, 1 vT)L8f«, 

^■J^ pages. 

KIRBY AND SFEXCES EN TOMO- 
hoc.y, 1 VOL 8vo., (MX) Iai8« PMeVt 
plates, plain or coloiirf!. 

METCALF ON CALORIC, 1 vol. large 
8vo. (preparing). 

IMTTLLER S PR rNTTri.T:^ OF PHYSICS 
AND METEOROLOGY, with five imn- 
dred and fit^y wood-cuts, and two eiv 

loured plates (nearh" roaily). 

PHILOSOPHY IN SPORT MADE SCI- 
ENCE IN EARNEST. 1 vol. roy ai Itjuio.. 
430 pages, many cuts. 

ROGET'S ANIMAL ANT) Vf CETABLE 
PUYSIOLOGV, with 400 cuts, 2 vols. 
8V0., 899 pages. 

TRIMMERS GEOLOGY AND MINE> 
R A LOGY, 1 vol. 6vo., 588 pegc«. many 

cuts. 



VETERINARY MEDICINE. 

CLATER AND SKINNER'S FARRIER, 
1 vol. ISmo., 890 pages. 

YOTTATT-S GREAT WORK ON THE 
HORSE, by Skinner. 1 vol. 8vo., 448 
pages, many cots. 

YOU ATT AND CLATER-S OATTLB 

DOCTOR. 1 vo! !^>mo.. pages, cuts. 

YOU ATT ON THi: DOG, hy I^nvi^ 1 
vol. demy 8vo., 403 pages, beautiiul 
plates. 

YOUATT Off TUV. pm. 1 V^. 
pages, beautiful phOes. 
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I£A AND BLANCHARD'S PUBLICATIONS 



BIOG^Afttlf AND POETICAL KEMAINS 

or THE LATR 

BY WASHINGTON IRVIMft, 
▲ IfEW EDITION, KigViSED. 

POETICAL REMAINS 

OF THE LATE 

OOLLBCTED AND ARRANGED BY HER MOTHER, WITH A BIOOBAFHT BY 

MISS SEDGWICK. 

A JIXW BDITIOM, BSVI8ED. 



SBLECJTIONS FROM THE 

WRITINGS OF iiliiS. MAUGAiiKT M. DAVIDSON, 

mmOUE OP UOOKU. Ain> tuaSAHT. 

WITH A PRBPAOB BY HISS SEDGWICK. \ 

tiM ibfm ttfw «wto an doM lip to aialeh ia a amt diiod«^^ 
onto Midi { w in 4Ktn cloth* - 



THE LANGUAGE OF FLOWERS, 

WITH ILLII8TRATIYB FeBTBY; TO WHfOH ABB NOW ADDED THB 
CALENDAR OF FLOWERB^ AND THE DIAL OF FLOWBRa 

MTSRTB AJIBBICAX, FROM THB NINTH LONDON EDITION. 

ReTiB^ by tha Editiir tba "Forg^trMe^ot." 

la «iM waft lano. roliamt, axtm ataaon doth, gilt With liz ooloMdFtatoft 

CAMPBELL'S POETICAL WORKS, 

THS ONLY COMPLETE AMERICAN EDITION, 

WITH A MEMOIR OF THB AUTHOR BY IRVING, AND AN 
ESSAY ON HIS GENIUS BY JEFFREY, 
b m baaoliM erm «ct«ro voli»M, axtia dpth. Off oalf 



KEBLE'S CHRISTIAN YEAR, 

BDITBD BY THB BIGHT BBV. BISHOP DOANB. 



mm MEDIGI, AND ITS SEQUEL, CHRISTIAN MORALS, 

BY SIR THOMAS BROWNE, KT., 

WITH RESElfBLANT PASSAGES FROM COWPER'8 TASK. 

In one neat IShno. volume. 



HEMANS'S COMPLETE POETICAL WORKS, 

Ur S£T£^ VOLUAlESt EOYAL 12mO., PAPER OR CLOTH. 



ROGERS'S POEMS, 

ILLtrSTR ATBD, 
Ul OMR IMFSRIAli OCTAVO YOLUMB, EXTRA CLOTB OR WHCR CALT. 



LEA AND BLAKCHMIM POBLICATIOm. 

> ■ T 

DICKENS'S WORKS. 

▼ABZOV8 £2>ZTZONS AMD 9BZOSS. 

CHEAPEST EDITION IN NINE FART$ PAPER, 

AS FOLLOWS: 

THE PICKWICK PArERS, 1 large vol. 8vo., paper, price 50 cents. 
OLIVER TWIST, 1 vol. 8vo., paprr, price 25 cents. 
SKETCHES OF EVERY-DAY-LIFE, 1vol. 8vo., paper, price 3 7^ cents. 
NICHOLAS MICKLEBY, 1 large vol. Svo., paper, price 50 cents. 

THE OLD CURIOSITY SHOP, I roL 8vo., paper, with many Cuts, 

price 50 cents. 

BARN AB Y RUDGB, 1 Tol. 8vo., with many Cuts, price 50 cente. 

MARTIN CHUZZLBWIT, 1 toI. 8?o., with pUtes, price 50 cents. 

CHRISTMAS STORIES.^Thb Carol, Teb Chimes, The GEicnroir 
THE Hearth, and The Battle of IaF»— together with FicrUEBS nOK 

Italy, I vol. 8vo., price 37^ cents. 

POMBEY AND SON, Part I., to be completed in Two Parts, price 25 
cents each. 

ALSO, 

A UNIFORM AND CHEAP EDITION OF 

DICKENS'S NOVELS AND TALES, 

IN THREE LARGE VOLUMES. 



TBS X70V£Zi8 £kim TJkZiBS OF CWABTiTW 2>X0SSaiS| 

(BOZ,) 

Id Three larfe and beautiAil Octavo Volumes, done up in Extra Cloth, 

CONTAIlflUa ABOUT TW£KT7-TW0 HUNDRED AMD FIFTT LAR&E DOUBLE 

COLVKHSn VAeSS. 

PRICE FOR THS WHOLE, ONLY THREE DOLLARS AND SEVENTY-FIVE CENTSL 

The ^^reqnent inquiries for a tmiforrn, compact and o^!ition of Boz'g works, have indoeed the 
poblishera to prepare one. which Ihey uow o Jer ut a price so low that it should command a Tciy 
♦•xtr-tuiiHl sale. Jt IS iiruiie<l on Imp white paper, witli po(><l type, and forms three Inree volumes 
aveniL'inu: ulxiut seven hunilrcd ami fifty paj^es each, done up m vanoiis styles of extra cloMi, making 
abc-aufiful ami portal)le idi'ion.— Some of the works are illustrated with Wood I d j ivnifrs. 

This l:;ditji>n coinpreliends lije first Knven parts, and will be ci»mple?e<l with the uisue of the 
Fourlli Volume, on the completion of " Domhev and Son." now wi jiroirrcKs of publication, OOD- 
laining that work, the " Cbruftmas i>toheft," ood '* Pictures fsom Italy.'' PurctuuBfs mar tkm ralr 
oabMBffablatopaiftGttiwhrsels. 

ALSO, AN EDITION PROTOSELY ILI.T'STR ATED WTTll 

ONE HUNDRED AND TlilRTY-FOUR PLATES, AND ONE 
HUNDRED AND FORTY WOOD-CUTS. 

I'i fTT^^ onal octavo, extra cloth, on fine white papor. 

SC?-The above are the ooly Complete and UuUorm Editions of Dickena's Works bow 
belbie the public. 

NOW PUBLTSIIING, 

OOBSBSr AND Bon. 

FINE EDITION. 

In twenty nnmben, price 8 cents cncli, with two flloetrations hy Hehloc 

K. Browne in each number. 
Thn m ths oolj vdition wlUch presenla Uie piatas acoompaafins the t«xt to whicit Ui«y rtS&t, 



LEA AND BLANCHARD'S PUBLICATIONS. 



SELECT WORKS OF FIELDING AND SMOLLETT, 

Pri nttd to • neat aad ■•llbrn ityto, to tnatflh tlw ebtap wHtloR of DMmb^ Wovln. 

SELECT WORKS OF TOBIAS SMOLLETT, 

WITH A MEMOIR OF HIS LIFE AND WRITINGS, 
BY SIR WAJLTISR SCOTT* 

THIS rDTTION CONTAINS: 
THE ADVENTURES OF RODERICK RANDOM. Price twenty-five oentB, 
THE ADVENTURES OF PEREGRINE PICKLE. Price fifty cent*. 
THR SXFEOmON OF HmiPIUEY CUNXER. FHoe tweB^HlTO wnta 
Tin: ADVTJNTURES OF FKRT>!NAND COUNT FATHOM. Price tvvenfy-nve cents. 
THE ADVENTURES OF SIR LAUNCELOT GREAVES, THE HISTORY AND ADVENTUMS 
OP AN ATOM, AND SELECT P0KM8. Fiioa twraty-fin mt. 

Or, tlw whole done op in one very large octavo volume, extra cloth* 

selecT¥oTksTf henry fielding, 

WITH A MF'MOIR OF HIS LIFE AND WRITINGS, 
BY SIR WAI/rEK SCOTT, 
AND AN ESSAY ON HIS TJFH AND GENIUS, 

BY ARTHUR MURPKY. ESQ. 
THIS EDITION CONTAINS: 
TOM JONGS, OR THE HISTOBY OP A FOIMDUNO. Priee tttfenlk, 
THE AD VENT URLS OF JOSEPH ANDREWS, AND HIS FRIEND MR. ABRAHAM ADAM. 

Pnce fifty cents. 
AMELIA. Price twenty-five cents. 

TBS UFB OF JONATHAN WOO THE GREAT. FMoe twwilHNe ««!■. 

Or, the whole to <me torfe oetavo volune, extra cloth. 

COOplB^ OVELr AMD tTTeS. 

A UHIFOX13ME BDXTZON/ 

IN TWENTY-THREE LARGE DUODECIMO VOLUMES, 

WELL BOUND IN SHEEP GILT, 

Forming a beautiful aeries, each volume comprehending a norel. 

AXiSO, A OaSAP SOXTXOH, 

IN FORTY-SIX VOLUMES, DUODECIMCI 

DONE OF IV V£AT PAVS& GOYBRS. 

Price only twenty'flve cents a voIiudc, each work to two volamei. Any novd 

» sold st'parate. 

COMFBISINO : 

Hir: spy— THE WATERWlTCH—REfDlJtnfAtyER—PRECAOTlON— HOMEWARD BOUND 

—HOME AS rm^ND-THE LAST OP THE MOHICANS— THE IfEADSMAN-THE TWO 
ADMIKALS-rm: 1'1U.NEERS-THE PILOT-LIONEL LINCOLN- THE PATHFINDER— 
THE WISH-TON-WISH-MERCEDES OF CASI ILK-'l i IH MONIKINS— THE BRAVO— 
THE DEERSLAVER-THE PRAIRIE— TH E RE D HOVER— WING AND WING— WYAN- 
DOTTEi OR THE HOTTED ENOLL; AND THE TRAVELING BACHELOR. 

ALSO, N£D MYERS; OR, A LIF£ UEFOKE TU£ MASTf 

In one I'imo. volume. Ptice twenty-five cents. 

/lX«SO, OOOPBR'S SUA TA^bflS, 

In fix neat votomea, royal ISmo.. extra cleth. 

OOOVB&'S LEATHEH STOOKIXra* TAXiS8| 

In five neat volumea, royal ISmc, «xtra doth. 
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LEA AND BUUrCHAIVS FOBUOiaXOni. 



BOY'S TREA SURY OF SPORTS. 

THS BOT'S TREASURY OF SPORTS, PASTIMES iND RECREATIOKS. 

WITH FOUR HUNDRED ILLUSTRATIONS, 

18 NOW RKAnV. 

!■ oBt rerjr nett voltine, bound in extra crimaon cloth; handsomely jirinted «ad 
illuatratod with engravinfs in the flrat style of art, and ooiiUioiQf 
aboatilzhttDdreclaiMlfHtyanidei^ A piwent Ibr all aeaaoM. 




PREFACE. 

This illostrated Manual of Sporti, Pastimes, and Raoraations," has been preiJarad with •naeiU 
re^ni tothei]inltti,SiMeiM,aiid Bational SkUofinant ofttia fonnc feadan lo wlumitiial* 



dressed. 

Every Tariety of rommendablo Recreation will be fonnd m the followhiir paftes. FhiLfM 
the Uttla Tofs of the Nursery ; the Tops and Marbles of the Piay-KToand; and tha Bdb of the 
fhw^roMn, or the eaMWth Uwn . 

Tlien, TOO hare a number of Paathnee that aerre to cbdden the fireside ; to light op many ftoaa 
liabt joyioUy, and make the parlour re^eoho with mirth. 

Next, come the fixeTRisiag Sports of the FliU, tiie Gkeea, and the Fliy'fnMnd; fcHewed hf 
the noble and truly English game of Cricket. 

Gymnastics are next admitted; theot the dBllilitlUl Monatioii oCSwInaiins; andthehaelttM 

qKXt of Skating. 

Archery, once the pride of EiiRland, is tlicn detailed ; mid very propfily followed by Instructiooa 
In the (jmoeful acroiiiphshmeiit. of Feacin^, aaid tlie manly and enlivenine exercise of Rklin^. 

Anghn)?. the pastunc of childhood, boyhood, niunliood. and old a^e, is next described ; and hj 
attenUoa to the m&lruclions bore laid down, the lad with a stick and a string may soon become aa 
expert Angler. 

Keeping Animals is a favourite pursuit of boyhood. Accordingly, we have described how to rear 
the Rabbit, tin; SouirreUthe Dormouse, the Guinea Pig, the Pigeon, and the Siikwonn. Aloar 
chapter is adapted to the leaiiHr of Sons ^inb ^ the eeveral varieties of which, and their respeetivs 
cages, are next described. Aaanere we may unit, that Madness to Aaiamls inTariaMy denotes aa 
aaeellentdispoeitioii ; for. to fwl a little creature one hoar, andto treat it hardly the nexL marks 
a cafMieiaos if net a cruel temper. Humanity is a jewel, which every boy shonla be proud to wear 
in hts breast. 

We now approju-h the more sedate amiisements — as Dr.in;,'hts and Chess : two of the noblest 
exercises of the in-emiity of the hutiiaa mind. IKuninoos and Bagatelle follow. With a know- 
ledge of lh»s(; four t;;uiies, who would piLss a dull hour in the dreariest day of winter; (»r who 
WOUUI sit hily by tiu! Iirn ? 

Aiiinsuineiils ill Anthiuctir, harmless I/^Rerdemain, or sleight -of-Uand, and Tricks with Cards, 
Will delight many a family <-ircli!, when the business of the day is over, and the btx>k is laid aside. 

Althuugh the present volume is a book of amusements. Science has not been ezcliidod from ita 
pagea. And why should itbel when Sdenoe is as entertaining as a fairy tale. The chiuiges we 
read of in little nurseiy-books are not more amusing than the changes in Chemistry, Optica, Elet^ 
tricity. Magnetism, Ate. By understanding these, you may almost become a little Magician. 

Toy BaliooDS and Piyier Firework^' (or Fireworks wiOioiU Fire,) come next Then follow In- 
etnactions for Modelling in Card-Bonra; so that you may huild for yourself a palace or a carriage, 
and, in short, make for yourself a little paoer world. 
Ponies and i'aradoxes. Kniknnas and iiiudles, and Talking with the Fingers, next make up nlanty 

hndtyaa 



of emcise for *' Guess," and " ('Uess amiin." And as vou have the " Keys" in your 
may keep your fneiuLs in suspense, and make yourself us niysienouii as the Spnyruc. 

A chapter of Miscellanies — useful and anuisins .serreLs— winds up the volume. 

Tlie " Treasury" contains upwards ot four hundred Eogravincs : so that it is not only a coUectioa 
of aeciets worth kwi«ii«* iot it ia » boek «r ptatmi^^ 
is (rf* plums. 

It maybe as well to mention thet the '^Treasnr)" holds many new games that have never 
befiire been pnnted in a book of this kind. The oU games hare been described aftesh. Thosit 
is, altogether, a new book. 
And aevivatAe Isave, wishing yoaiMiiiy hours, aod dajrSL a^ iMohl of e^JsypMi 
i; oaawehiqiethatyouma/beaihafiiirasthis book isbriiafiiioi amoseoieaft. 
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IiEA AND BLANOHA&D'S PI7BUCATI01I8. 



POPULAR SCIENCE. 

PHIW80PHY IN SPOBT, HADE SCIENCE IN EARNBOT, 

BBnrO AW ATTEMPT TO ILLUSTRATE THE FIRST PRIN 
CIPLES OF NATURAL PHILOSOPHY, BY THE 
AID OP THE POPULAR TOYS AND 
SPORTS OP TOUTH. 

VSOM THB SIXTH ANB OKB4TLT WROTBD ZOMnOS IDITION. 
iDioiM wwf meat voyal ISnio. volume, with nearly one bnndred ilfnatnitiona on wood. 



Mewrs_Lea it BlttKbard have issued, m a beautiful manner, a Iiandsome iKwk, called • Philoao- 
phy in Sport, niadeSdance m Earnest/ This is an a-iininil.U, aitempL to ilhistraie the firet priu- 
ciples of Natuml Philosophy, by the aid of tho popular tovs and .sp<)ilii of youth. Useful informa- 
tion 18 ooavejred m an easy, Kraceful,yet dignified manner, and renderad easy to the simplest under- 
«t and]fl«. Hm book ii tn admiialila one^ and mint meet with naironal ftroar.«*-li? F^^^^- 



Ktrrer. 

ENDLESS AMUSEMENT. 

JUST ISSUED. 

ENDLESS AMUS£M£NT, 

A. COLLECTION OF 

NEARLY FOUR HUNDRED ENTERTAINING EXPERIMENTS 
IN VARIOUS BRANCHES OF SCIENCE, 

iNCLUDma 

JMJOUSTJCS, ARH H.METIC, CHEMISTRY, ELKCTHICITY, HYDIUULICS, HYDROSTATIC* 
MAGNETISM, MECHANICS, OPTICS, WONDERS OF THB AIR PUMP, AU. THB 
POPULAR TRIGBS A CHANGES OF THB CAXD8, te., 

TO WHICH IS ADBED, 

A COMPLETE SYSTEitl OF P Y" R OT JKCIiN V, 

OR THE ART OF MAKING FIRE-WORKS: 

THB WHOLE SO CLEARLY EXPLAINED AS TO BE WITHIN KEACH 
OF THB MOST LIMITED CAPACITY. 

WITR ILLUSTRATIOHB. 
FROM THB 8BVBNTH LONDON EDITION. 
In one neat royal ISmo. ▼olunie, Ann extra erinuna dotlk 

'TMF Y!S*^ lonpwpelied in«troottf».tmnsement to the risinff jrencrations in EnRland. and 
wHl doaMlMi be hwled with ptearara ly, those of this counliy who like (and what boy does noC| 
the marvdloni tricks and diehfwi, eapmniaiitB mad maaOmmaifinAm^ km nwiift flf mtimm mi 

SPRING, SUHMER, AUTUMN, AND WINTER. 

AN B8SAY, PKIXr [PALLY CONCERNING NATURAL PHKNOMENA, ADMITTING OF 
JNTfiaPJlKrATlON BY CHEMICAL SCIENCE, AND ILUJSTiUTINtt 
PASSAGES OF SCRIFITJRE. 

BT TR0MA8 aRIFFXTBt, 
nKwiMoa oecanwianT nr rmm lannaft oouaoaaf araAanauaiawni seamAu naa 

la oaa laiga royal ISmo. TOlnme, with aiaay Wood-Cata, extra elocfa. 

*• Chemistry is assuredly one of the racrat useful and interestingr of the nntiiral sciences. Chemiral 
changes nwet nn at erory step, and durin? every season, the winds and the rnin. th»3 hent atnl ttie 
fruets, earli have their peculiar and appropriate phenomena. And those who have hitherto re- 
■lained insensible to tlicse chnngres m\d unmoved amid such remarkable, and oden sUutling r»- 



wits, Will lofte their npnthy upon reading the Chemistry of the 'Four Seasons.* and be prepared to 
enjoy the hiehest inteilectualpleasures. Conceived in a happy spirit, and written with taste and 
«legancc, the essay of Mr. Ortalths cannot fail to receive the adminiiiun of cultivated minda; ani 



llMae wteiianre iookad leaa oareftilly into naton's beautieB, will find tlwBNelvaa lad at^pp bf 
atap^nadl may realize a new taitellectual beisf. aarJi worki. wa baUava. exert a hainaf mRBaaee 
ef«r aadetr.aad JMBoewe h«9e that tlm pnaant one aay ee CKteiiafari(r lead."— Tat IfWaw 



LEA AND BLANCHARD'S PUBUGATIONS. 



KIRBY ANa SPENCrS ENTOMOLOGY, FOR POPULAR USE. 

nVMIOBVIITZOXf TO SZTTOMOX*Oa7: 

^ SWrvnTnp •TTTP fffATORAL mSTORY OF INSECTS; COfdPRISW© AN ACCOCNT 

Witb Pteieit Mila Colored. 

im(T,M.A.,F.R.S., AND WILLIAM SPEirOE,ESQ., 
j tiDPiK)^ FmT!ON, wmcit was cowiwmu) ajid conaqmABLi; satuuKO. 
In one large octavo volume, extra cloih. 

« Wi» have been creatlT iatenssua w nouklBK otbi the pajges of tlus treatiie. Tbwa is seaioely, ia 
the wfdJ^ of StS^^n^;^^^ '^7 tha. that of msecta, m 

one ihnn is nileult^ to excite imire cariosity or won**. ., .„ -|-,.-. „f .K^^-rf 

" Thf iH.pular form ..f UAU-ts is a.lopted by tho authors ^ "PPMtiig' a klgwtoy aC tft» WglMtj 
whict nffliera the work peculiarly lUieU for oui district school Ubranee, wH* w^iWHtillipi 



JUST HMUER 



nC ANCIENT WORLD. OR. PICTURESQUE SKETCHES OF CREATKMi 

BY D. T. ANJ^TED, M.A., F.R.S., F.G.S., &c 

PROrK?50R or OKOLOOY in KIIf6*8 C0LLB«B, bOlfBOH. 

In oua f«iy aoit Toiume, fiae eitra doth, with aboat Oaelftualrii sad P*f lUtMCnMoM 

The oMeot afthis wwk is to present to the geaeral reatler the chief resuKs of (k .topical mtrsti- 
cation tnasimple and corapn*enai»a manner. The author has aToideti all minute details of t-f >- 
fceiral formations and particniar ohwrrotioos, and has endeavoured as far as poesilrfe to pre^^ 
.tr k V vs < f the vvoaderfol rewitts of the mnuB^^mmAaf ita mm taah a ica hl i st, 1^ 
Witrk is^^ap la a hantbome ■Mnaer, with aunMiww jmWWMO^ana ftraaa^Mat fuWM W 



GEOLOGY AND MINERALOGY, 

WITH INSTRUCTIONS FOR THE QUALITATIVE ANALYSIS OF MiiNERALS. 

BT JOtHUA TBIMMBSt F.O.fb 
With tw»lteired and Twelve Wood-Cats, a handsome octavo vcdame, hound m embossed cloth. 

This is a imtematic introdwtiott to MiaMaissr, aad Oeolfiiir.admirah^ caknlHad to ' 
tho Htudent in those soeacas. tiM oTEfauc vemaiiis cT the vanotn mnoMtaamwn wim m 
monmm tgirat, whidi at* iiawn with great aocoracy. 



NEW AMD COMPLETE MEDICAL BOTANY. 

NOW READY. 

BKSBXOJLXi BOTANY, 

€iL A DESCRIPTION OF ALL THE MOREIMPORTANT IHAJfr^ 

^ AND OP THEIR FROFSRTUBS. USES AMD MODES OF ADMnUBTRAnOfl; 

BT R* BGI.SSFi:i«I> GRIFFITH, M. D., A&c, ^tc« 

toOMkiitottwrovokna. With afccot thwa handred and fiAy mast r atioBs ea WooC 

A POPULATrREATTsE ON VEGETABLE PHYSMllOSY; 

PUBUSUED UNDER THE AUSPICES OP THE SOCIETY FOR THE PROMOTION Of 

POPULAR INSTRUCTION; WITH Nr^TEROUS WOOD-CI)T& 

BT W. B. OA&F£NTSR. 
In one volame, ISmo., «stim doth. 



A TNEATiSE ON COMPARATIVE ANATOMY AND PHYSIOUfiy, 

BY W. B. CARPENTER. 

REVISED AND MUCH IMPROVED BY THE AUl HOR. WITH BEAUTIFUL STEEL PLATtt 

(Now prtpartis:) 



WITH ABOUT THREE HUNDRED WOOD-CUTS». 



I 
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LEA AND BLAMCHARD'S rUBUCATION& 



HUMAN HEALTH: 

IML TIIE rNFLUFHVCE OF atmospkekt: a^td i.nrxivTY. ctiaxgt: of ate AMD 

CUMATK SliASONS, FOOD, CLuTlili^G. BA i HINl; VINiaUtAL Si'^ONGSL 
EZEBCiSfi. SL££P, CORPOREAL ANi » MJMaL BDft* 
SUITS, dec. Sues., ON HEALTIiV iUiN, 

COi\8TlTLTlAG i:LEi>H::iMS OF UYiiimt:. 

M nOSUSE DUiraXISOH, M.D,fcc^lBP. 

In one ocuio voliune. 

Peraosis in tfae puratut of biealUi, as well 03 those wlio 4im« t« ntmm 

it, would do well to e^famine this work. The author states the work has 
beeu prepared *'tp enable the general reader to understand the nature of 
the actiona of various influenoes on human health, and assist hkn in adoft- 
tng such means as may tend to its preservation: henoe the author naa 
avoided introduci&ig teobiucialities, exeept where tfaef appeind to him india* 
pensabie.*^ 

iiEMARKS ON THE INFLUENCE OF MENTAL EXCITEMENT, 

AND MENTAL CULTIVATION UPON mALTiL 
BY A. BRIG HAM, IVI.D. 
Third edition ; uue volume, ISmo. 

A TABATKfi ON 
Am THB QSHBRAL IMrAMIIMHHI OP « fnt. 

BY LT VVIS DURLACHER, 

SOSOBOa CHIBOFODIST TO THE UCSKV. 

In one daodecimo voiame, dotb. 

■ ^ - ^ ~**^ * ~i~ — *" ^ - I - ~ i ~r i ~vi»~rM' > 'T/V\i'- i «nrM"trLiinAAAjl. 

TlMllllM|»MB^«te in 7 vols. 8ro^ fMioaf fetettH^ 

OOMTAlJILarO: 

msam ikOOL and vegetable FUYSIOUMY, m 2 Tols^ witk mams cola. 

iOSavaii THB HNTOBT, HABITS AMD JHSTOICT 07 ANIMALS* lvoL,«itli platM. 

mOOTONCHEMISTRY-niAT.MFRS ON THE MORAL COXDITION OF MAN-WHEWELL 
ON ASTRONOMY- 13 Kl.i. UN THE UAND-KI1>D ON TllE riiViiiCAL CONDH'ION OF 
MAN, 2 voluuiu». 

UOCKLAHliyS GfiOiOGV, 2 vols., with nnni^ron«< [ hrr^ anJ mapfl. 

ftofec, iiucAiaud, aod i£if l#y are fioUi a e pa r a f . 



THB IKMiBanC B JLlTAJQBBBIlT OF TSOB WK BOOH, 

NECESSARY, IN AID OP IISMCAL TaEi'rtlENT, FOR THE OUSE OF DI8BASB8L 
BT A. T. THOMSON, M.S.,lK\lM. 

Kfit Aaierleant the Re«oiid London Edition. Edited hjr E. Gftiffrrni, M. O. 

In ooK royal I2aio. voiumo, extra elotti, wttli cute. 
"There is no interference with the duties of the iue<liral atteiidani. t)iit souod, sensit<1i\ tnid 
Miviee wkat to do* and hour to txi, so m to moiet vfifQieieea euecgeacies, and ctHtgentM 



THE MIllWftlSHT AND MILLER'S SUiDE. 

BY OLIVER EVANS, 

THE ELEVENTH EDITION, 

WITH AUDinONB AND CORRBCTIONE. BT THE PROFB880R OP HBOHA* 
NICE IN TR8 FRANKUN INBrmtTB OP PENNSYLVANIA. 

AND A OMORIPTON OP AN mOUmBb NEBUftNT fl9B» IBIA. 

WITH caqSATHIGB. 

BY 0. Is O. EVANS, EN6XN£JaRS. 
TUi it a pnotlod work, tad Jim had a mif azteodMl 



LBA AND nhAVCaAUm PTOLICATI01I& 



JOHNSON AND LANDRETH ON FRUIT, KITCHEN, 
AND FLOW ER GA BDENIWS> 

▲ DICTIONARY OF MODERN GARDBNINS, 

BT nonan wzllxak jornboit^ esq. 

Alter of tht '♦ftjidiiwaf fttdfcrt Owflw^," OnOpgrt Mmnmrt,"^ 
wtn OM vomAsii amd siohtt wooim^uts. 

BDirED. Wrm WirMEROUS AnomONS, by DAVID LANDRErn, or PHTLADEtPaiA. 

in one Juge rofmi daodacuno t otaai«« qtr» cipth« of nautij Six Uuadced lad ¥^ 

doubw ooliunnsd ngw. 

This eilitiim h - f r< n preatly altered ftt>m the original- Many articles of little rr>' ' i Amen- 
MiM tuive beeu curtiulcU <>r \%'tu>lly omitted, and murU new inall&r. wuh uarucrooR iUu!>tmtMjtia. 
added, espeaally with rc^pi-ci Ui toe varieties of fruit which cxp«rieoce has shown to be pecvUarlj 
adapted to oar climate. Stitl, the editor adnuts thut he has ouijr followed m the path so adminib|v 
■uuiied out by Mr. Jobnsiin, to whom the chief merit uf the wurk beloog:s. it iios been an obfaei 
wilb the editM- and pubhshem to increase its popular eharacter, thereby adapting: it to ttao hmv 
•faw of hoiticQUaral readers in this country, and they trust it will prove what they b«fO dc^U It 
to be, an Eacyr.lopndia of Gtidenkif. if not of Rural Af&ir% KMBaBUOMdond •! oiloba|>iMOi l» 
wtChiQ reach of neiir^ all whom tbow subijects mtere^ 

*Thhi it* QMfW eawn wn J I oni of ail that description of hrffmitttion wMdl It TRhiaMe to tbo 

Bodem gardener. It quotes largely from the best standard authors, jaurtiats, and transactiiMis uf 
societies ; and the labours of the Ajnencan editor have fitted it fur tlie Liulcd States, hj imiicious 
additions and f)riiiss.ion8. The volume m abundantly illustrated witli l-tri rt ^ m t;.- ti x'. , Vni- riu aig 
a juJiauus stili^ Uua of those varieties of fruits which ejmehence has showu lu ue well suUnI to uio 
Omted States.— SU^wum's JomnmL 



**Thitiotheiiiaotniai^)o«a(k«*lMmemMnoBlteial^eotofB^ and no man of 
tHtewhooaadtoMtrovanaaoftitorof tBaoratohaftioa]tvoo««ht totowit Jadc«d la- 

dies who merely cultivate flowers in^^-<foor9. will find this book an excellent and corivcnjcnt 
oounsetior. It contains one hundred and eighty wood-cut illustrations, which give a dihUDct idea 
of the fruits und ^lirdr-n-arranAements they are iiiU:uded to represent. 

** Jt^uson's Dictionary of Gardeniog, edited by lAndieth, is luudsomely printed, weU-bouiML and 
wM at ■ prino Tirhirh pmi it miyhin thn roanh nf all who irniilrt tia lilmlf In hnj if ^ ihii|i mm 



THE COM PLETE FLORIST. 
A jajLurtfAiM OF a^RDZsirzire, 

CONTAINING ra,\CTICAI- INSTiaiCTION FOR THE MA.N'.VOHMRN r nV GRKENHOCS* 
PLANTS AND R>R THE ClrLTlVATION OF TlfF SHRUDRERV— THE FLOWER 
GAiU)£N, iJJD TllE LAWN— \MTll DFSf KlKi IONS OF THOSE PLANTS 
AMD TREfiS MOST woRi HV uF CUUrURB IS EACli 

WZTB ADDITIONS A2iD ^JMHii D m.BN T 
APAfXSD TO TBI OLUUTS OF IBB UimBD CTAW. 
iBflMmaUvolonM. ftioo imif Tiwo lH h»Oit»> 

THE COMPLETE KITC HEN A ND FltUlTeARDENERa 

A SELECT ItlANUAI. OF KITCHEN (GARDENING) 

AND THE CULTL'RK OF FRUITS, 

WOTADnNG FAMIU^ FOR THE MOST APPROVED PfiACTICfi Of XACH 

WARimNTiDK^RlFriONS OFMANY VALOABLK FRUH^ AITO A 
OAUOrDAR OF WORK TO BE PFRPORMED EACH 

JtONTH IN I'HK YKAR. 

THE WHOLE ADAPTED TO THE CLIMATE OF THE UNITED STATBS. 

la one small volume, paper, friee only Tvreat/-fiTe Centa 

uumampB uvkal beoister ar» aiiMar ao^ for it48, 

WITH NUH«R0U8 ILLUSTRATIONS. 

STILL OX HAND, 
A F£W CKWXSS OP THE REGISTER FOR 1847, 
WITH OTBR ONB HUNDRED WOOD-CUTS. 



Jlji'' JJS£Li?'»i£Pif!Sl^^ Though pnblisliml anininlly. and rof.t.^i,». 

gap almaaac the principal partdT the antler ii of permanont ntilitr tii tha boitiruJtttnitt aaii 
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h&A. AUD BLANCUARO'S FUBUCATlOi^S. 



LIW BOOlia. 



HlLLlAflO ON REAL ESTATE. 

NOW READY* 



TJSE AIMCSHZCAN Z.AW OF REAIt PHOPX2HT7. 

SECON0 EDITION, &£V1S£D, COSRSCTSD^ AND SKLAROSa 

BY FRANCIS HILLIARD, 

In two large octavo volumes, beautifully printed, and bound in best law ebeej». 

Tliis I nok !s designed ns n anbstiinte for Crvhe^s Digest, occwpjnng th9 
fc>drno ground in American law which that work has long covered in 
Iwiglisn law. It embraces ali that portion of the English Law of Real 
Ketate which has niif applicability in this country ^ and at the same time it 
cmbodir^ the statutory provisions and adjudged cases of all the States upon 
the same subject; thereby constituting a complete elementary treatise for 
American students and practitioners. The plan of the work is such as to 
render it equally valuable in all the States, embracing, as it does, the peen* 
liar modifications of the law alike in Ma?s irnr ^etts and Missouri, New 
York and MississiFri. In this edition, the statutes and decisions 6ubse> 
quent to the former one, which are very numerous, have all been incorpo- 
rated, thus making it one-third laig^ tlian the original work* and brin^^mgr 
the view of the law upon the subject treated quite down to the present time. 
The book is recommended in the highest terms by distinguished jurists of 
diiicrcni Stales, as will be seen by the subjoined extracts. 

**The work before us supplios Lliis deftciency in a liighly satisfactory maimer. It is beyond all 
qoestion the best work of the kuul liiat we now have, and ulUiougU we duubt whether this or an^ 
^iMTWoAwffl b« UMlrlosopiiluit Orain^ DlgMl, «a do ttiil hnttato to nf, ttat tliS t«rt( 

this is the more valuable to the American lawjper. We cungralulute the author upon the success 
ftjl arcomplLshment of the arduous task he undertook, in reducing f-he vnsX Ixxly of the Ameriran 
Law of Real Property to ' portable tuze,' and wo do out doubt that his hibuuis wUl be duly oppre- 

lodge Story says think the work a ray ralnable wWtioa to our praoaat itoek of jaridioal 
tttantnra. tt embraces all that part of ]fr« CnMli Digest which is m<Mt umM to Aaunaaa lanr* 

yere. Bi^t its hif^her value is, that it presents in a poncisp, huf rJ.nnr and pxact form, the suhstanco 
Aiuericaa Law ou the same subiecL 1 know no ipork ihat we possesg, whoae proclical uUUiy y 
to be 90 extatMiedy JdL** **11iewaiider ia,liM llw ■Wfaor haa boaaablo to 
waaajstoas ewiJ i nMil atoi^tltttStODS^pi^ haB i i i a tBdiaeiii/' 

ChanMilar Xant «!■ of Ihs tMk CCMOMM^ 
of float lolMmr and totiMi ntaa.** 

HiNL Riito Choato am!--^lfr. Himsvn «M 
think that U)t. JMtiQa Btotjaad CbaogailarXflalsKynHi His fuMnl opiaiaa of the llMnokaaotta 

Bar.** 

ftqfbasor Greenleaf says " I liaid already found the first edition a very convenient book of Ji^ 
fwnoa, tad do not doubt, torn the apfoaranoo of tho aocoaii, that it iagraatljr iiapgwrodL" 

Professor J. H. Townsend, of Yale College, says :— 

«• I have been arquaiuted for several years wiUi the first edition of Mr. HilUard's Treatise, and 
have formed a very fuTonrable opinion of it. 1 hare no doubt the second edittni bolbaad «»ao 
aaora valuabto than the firat,aiul I aball bo h^qqr to ncommead it as I may liave opportunity. I 
know of no other work on the sabjedt of M BWate, 90 comptoUeBitVO and ao woU ada(>ted to tl)f 
Mate of the law In thia ootntiy.*' 



LEA. AND BLANCUARD'S PUBLICATIONS 



LAW BOOKS. 



ADDISON ON CONTRACTS. 



JL TBZLA.TTSE OIT TUB XiAW OF 002TTXLA.CTS AISfD 
RIGHTS ANI} Zil^BIIilTZES Z!X 001SfTBJLOTU» 

BY C. G. ADDISON, ESQ., 
Of th« Inmr TeaaplA, BmMter at Law. 

In one vtilnae, ocutis kraiMimljr booid tit law iheapb 

In this treatise upon the meet eonttSBtly and frequently administered 

branch of law, the author has colleci.d, arranged and devr loped in an intel- 
ligible and popular fortn, tho rules and principles of the Law of Contracts, 
and has supported, illustrated or exemplified them by references to nearly 
fimr thousand adjudged casea. It compriaea the Rignta and Liabilitiea m 
Seller and Purchaser ; Landlord and Tenant ; Letter and Hirer of Chattels; 
Borrower and Lender; Workman and Employer; Master, Servant and Ap- 

Sreuticei Principal, Agent and Surety; Husband and Wife; Partners; 
mnt Stock Companies ; Corporationa ; Trueteea: Provisionil Commtttea* 
men; Shipownera; Shipmaateia; Innkaepera; Oairieia; In&nta; Lunh 
lies, 

WHEATON'S INTERNATIONAL LAW. 
MMmmnTB OF iwBairA.vzoirA& &aw. 

BY HE NET WHEAT ON. LL.D., 

Ilinistcr nf the United Stales at the Court of Russia, Ae. 
THIRD EDITION, REVISED AND OORRfXTTED. 
&ioaatai|aaadteatttiauootavo volaaw ofGSO pages, extra eloib, or fine law 



" Hr. Wlieaton*8 mttk b indltpensdde to every diplomatist, itatasinan and Ixmfw, mad i 

Indeed to all pnhlir nion. To pwry philnsoplsic and liberal mind, the stadj nolt be m attiaOlia^ 
and m the bands of our ntitluir it is a delightful one."— ^ort^ Apterican. 



MILL ON TRUSTEES. 



A f SACnCAL TREATISE ON THE LAW RELATING TO TRDSTEESl 

THEIR P0WEH8, DOTW. FIIVILBOES AND LIABILITIBa. 
BT JAX88 KILL, S8Qi, 
Of Ui0 Inner Temple^ Barrteter at Law. 
SDITBD BT VAAROIS X TROUBAT. 
orOM FliilaMphia Bn 
la one large oeUvo voloine, beat taw dieep, raiiad bands. 

** "Hie editor begs leare to iterate the obserration made tqr the author that the work it 1 
pnncipallyfbrtheiaitniotkiBaodfaklaiioeof troiteea. That ain^ltatinavBiyaniehi 

til practical value." 

ON THE PRINCIPLES OF CRIMINAL LAW. 

In one 18mn. volume, paper, price 35 cents. 
BEINO PART 10^ OF " SMALL BOOKS ON GRRAT SUBJiJCTS." 



by Go 



LEA AND BLANCHARD'S PUBLICATIONS. 



LAW BOOK S. 

TBE SQUITAM JDHCTM OF TIE COD&T OF CIANCERT. 

COMTKISINO 

ITS RISE, PROGRESS AND FINAL ESTABLISHMENT. 

TO WHICH IS PREFIXED. WITH A VIEW TO THE £LCCIDATION OF THE MAIN SUB- 
JECT. A CONCISE ACCOUNT OF THE LEAmNG DOCTRINES OF THE COMMON 
LAW, AND OF 




THE VARIOUS ALTKH A'llONS MADE BY THB 
LEGISLATURE DOWN TO THE F>B£SKNT 
PAY AKE NOTICED. 

BT aSOROE SPEZrOE, ESQ., 
One df bar M^ie■ly% ComnL 

IN TWO OCTAVO VOLUMES. 

Volume I., ombracine the Principles, is now read/. Volume It. is rapidly preparinfi and wiU 
appear early in 18)8. It is baseil upon the work of Mr. Maddock, hroupit uown li> tM piCMiit 
iime, and wbrtusiag so much of the ^acMce as counsel are called on to advise upoiu 

CON'rAIMNG EXPLANATIONS OF SUCH TECHXICAI- TKmS AND PHRASES AS OCCUF 
IN THB WQKKS OF lJ!:t;AL AUTHORS, IN IHE PRACTICE OPTHK QOURTS. 
AJTO IN THE PARLIAMENTARY PROCEEDINGS OF THE HOI^ OF LORlSs 
AND COMMONS, 'IX) WHICH IS ADDED, AN OUTLINE OF AN 
ACTION AT LAW AND OF A SUIT IN EQUITY. 

BT BEVRY JAMES KOI«TKOUSE, SSQ^ 

Of the Inner Temple, Special Pleader. 

EDITED FROM THE SECOND AND ENLARGED LONDON EDITION, 

WITH NUMEROUS ADDITIONS, 
BY HENRY PENINGTON, 
Of thefyiadelphteBar. 

Id one large voltune, royal iSmo., of nhout .^nn j i^oi, double columna, liandvoiiieJjr 

bound in law shectt. 

" This is a considerable improvement upon the former editions, bcinff bound with the usual law 

hiTH^tn?. and the Rcaernl rvcctitiun admimblr— the f)ri]if'r c\c»'ll<inr, um! the printfii;? cleur and 
beautiful. Us peculiar UHeiulatiiii. iumuver, c*m.sis;,s iii t!ie vulij;iblt; aildiUtms above icferrL-d to, 
being intclllp:it)l(; ;iiul well devised definitions of surli jiliniscs ami trcimictUitittS as arc p< «'iiliar to 
the pmctirc in tlie ' ourt.s of this wuitry. — While, thertjfore, we ri'ctoimnond itespectally to the 
t-tiii;! Ills of hiw, !is u safe i^uule Ihiou^'li ihe latncucies <jf tiiL-ir study, il will in v firth oliOtl DO fillllld 
a valuable acr|uisUion to the iil>rary of the priicUliouer hiuiseif." — Aiex. Gazette. 

** This work is intended rather for the ^neral student, than as a substitute for many abridgments, 
dige5ti>, niid dirtionaru s in use by the professional niiui. lis object phncipallv is to impress accu- 
ratelf and disiuictly upon the mind the meaning of the tfH lmioal terms of the law. and as such 
ciui liardly fail to be geiu raily useful. There is much cuiiniis irifui iiiatioii to be found in it m re- 
pml to tlie pcculioriiicK of the ancient Saxon law. The additions of tiie Auericau edition give 
BicreaMd value to the wmtk, end evieee auiotL Moanuqr and oan/'^AniuitfiMMja Lm JmnuL 



A PRACTICAIi TREATISE ON MEDICAL J URISPBUPERCE. 

BY ALFRED S. TAYLOR, 
Lecturer on Medical Jurisprudence and Chemistry at Guy's Hospitil, London. 

With tuimerous Notes and Additions, and References to American Law, 

BY ii. E. GRIFFITH, M.D. 
In one vottime, oetavo, neat law flheep. 

TATiiOH's ixa-ntjaxm of Toxrcoiaoav. 

IN OJSM NEAT OOTAVO VOLQM£. 

▲ NEW WOSK. NOW BEADT. 

OUTUNEa OF A COURSE OP LECTURES ON MEDICAL JUaiSPRUDENCB. 

IN ONE SMALL OCTAVO VOLUME. 



Google 



LAW BOOKS. 



E A S T'8 aE P O R T 8. 

asFoaTS OF oasbs 

ADJUDGED AND DETERMINED IN THE COURT 

OF KING'S BENCH. 

WITH TABUB OP THE NAMB8 OP THB OASIS AND PBINCIPAL UATmS, 

81* EDWARD HTDC EAST, StQ.» 
Of tli« laaar Tcnpte, BttiiilMr at X«ir. 

BDITSDt WITS VOTES AVD EBVBESJTCBS, 

BT O. M. WHARTON, ESQ., 

or tb« Pbiladelphia Bar. 

Ill tiflit l«ffe royal octavo ▼olumea, bound in best law sheep, raised baads and dooUe 

titles. Price, to •ubseribers, only twenty- five dollars. 

In this edition of Eust, the sixteen yolumes of the former edition have 
been compressed into eiglit— two yolumee in one tbroaffhoirt— but nothing 
has been omitted; the entire work will be found, with the notes of Mr. 
Whnrton added to those of Mr. Day. The groat reduction of price ffrom 
$72f the price of the last edition, to $25, the subscription price of thia,) 
togetber with tbe impravement in appearance, will, it is tiusted, procure for 
it a ready aala. 

A NEW WORK ON CO URTS-MARTIAL. 

A TREATISE ON AMERICAN MILITARY LAW, 

AND THE 

PBACTICE OF COURTS-MARTIAL,, 

WITH SUGGESTIONS FOR TUPIH mPROVEMBNT. 
BT JO HH O'BRIEN, 

la one eetafo voUum, eatra eloih, or law aheaf^ 

'*Thii -rnilr stawb nlatirilj tn flmniiimi MiliTarrTsTr in tlis iams pnriUna ttiat IHantihwi-h 
ftnw B iisaail a s slaaid to ConsMm Ltw.^ 17. & OoHlkL 

CAMPBELL'S LORD CHANCELLORS. 

IJVES OF THE LORD CHANCELLORS AND KEEPERS OP 

THE GREAT SEAL OF ENGLAND, 

niOM THE EAnriES'T TIMFS TO THE TIETON OF KING OEOKGR 

BY JOHN LORD CAMPBELL, A.M^ F.R.S.E. 

FIRST 

In three nrat demy ocrtaro volames, extra dolb* 
BRINGING THE WOBK TO TH£ TIME OF JAMES H, JUST ISSVKD. 

TT-EFARTNO, 

SKCOND SKRIKS* 

In fotir volaincs, to match, 

OONTACNING FROW JAMES II. 1X> GEORGE IT. 
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LEA AND BLANCHARD'S PUBUCATIONS, 



YOUATT AND SKINNER'S 

STANDARD WORK ON THE HORSE. 



TH£ HOKSE. 

BY WILLIAM YOUATT, 

A NBW BDITION, WITH NDMEROUS ILLUSTRATIONS. 

Toavran wm a 

asNsaAZi HzsToair or this horsei 

A MSmiTAtlOll OH 

THC AMERICAN TROTTING UOKSE$ 
HOW TRAINED AND JOCKEYED. 

AN ACCOUNT OF HIS REMARKABLE PERFORMANCES; 

AND 

JSkJSf saSJBLV ON TXXB ASS JLXfm TMM MUItS^ 

BY j; 8. SKINNER, 
Astrtant Fo«Mlut«r>Oenettd, and Editor of the Tarf Re«i«ter. 

Thil edition of Yonatt's well-known and atandard work <m the Manafle- 
inent, Diseases, and Treatment of the Horse, has already obtained aura a 

wide circulation throiiffhoiu the ronntry, that the Publisners need say no- 
thing to attract to it the attention and confidence of all who keep Horses or 
are intereated in their inprorement. 

"In introJiirinj this very neat ediHnn of Ynuatt's well-known honk, on 'The Horse,' to our 
n»ders, it is not necessary, even if we had time, to say anytliiag to convince them of its worth; it 
faaalMtt UgUf ipokMi oCbsTthow rnort oapalile of qppradatiiig ita iiieifti,aBd its appeanoM 
Wider the patronage of the 'Society for the DiUhsion of Usefhl KnowledfS,* with Lord BroPfham 
at its head, affords a ftdl foaranty for its high character. Th'^ hnok is n very vnlaable one, and wn 
andorae the recommendation of the editor, thajt eveiy man who owns the ' hair of a horse/ should 
baire it at hia dboar, to ba eonaoltad lika afluniljr pbiyaidaii, 'for mitigaitfaf Ifaa dlaentoa, and pn* 
longing tha life of thaawatintareatiBg and neefal of all domestfe 

''Tbia oBlabntad woHc haa 1»aen oianplatelr lavtod, and mudi of it almoat anttraly ra-witttan 

by its able author, who. from beinff a practical votorinnry surgeon, nnd wiflial a trrcat; lover and 
excellent jud?e of the animal, is particularly well qualified to writ o tlio liistory of the noblest of 
quadrupeds. Mobm Lea and Blanchard of FhUadelpbia have repuUiiiliod the above work, omitting 
ftftwoftiiaflratp^^aiid luna anpiAiad their plaoa witti nuitter qalta aa Taloabla, a^ 
m(>re interesting to tlie reader in this ccjuntry ; it beinar nearly lOO passes of a general liistory of the 
horse, a di^otertation on the American trotting horse, how trained and jockeyed, an account of hia 
remarkable performances, and au essay on the Ass and Mule, by J. S. Skinner, E^., Assiatant JPoit* 

iiaalnr frnnnial. and lata riHTnr nf thr Tnif ffrplitrr Tiri ^ — ' — " Mr. Skinaar la ona 

of our most pleasin? ^Titers, and has been familiar with the suhjcnt of the horse from childhood, 
and we need not add that he lias acquitted himself well of the task. He also takes up the import- 
ant sulyect, to the American breeder, of the Ass, and the Mida. Thia ba treata at langtb and con 
aaMTiL Tba PhiladaliilimadithM af tha Hwaa iaa handaoma ootavo^ wiflt noawDwa i»ood'<ata.**«* 
4mtriem Agriailtmiit. 



iiEA AN0 BLANCHARD'S FUBUCATIGNa 



yOUATT ON liilfi PIG- 

TBZS FZa; 

A TIIBATISE ON THE BRr'ED?!, M.\NAGEMEN"T, PEEfDiNG, 
AND M£DICAL T&£ATM£NT OF SWIN£, 

WITH 9IBXCTI0NS rOK SALTIN'G FORK, ANT> rTFTNa BAOOH AlTD 
BY WILLIAM YOUATT, V.S. 
AoUior of - llie Hotw," 1 he Dog," " Cattle," " Sbeep," 6lc, Ac 

wjommam wti« noMviiMf W4Wir fioic £Msr wituic hamvkt. 

h iHttt hlwV'nf i<w«Aif<»imA wJmhmi, «fap» riath, ar toiwt papwr eoiMv p»iea JP flarta. 

Tliii mmk. wi ■ ■■IjiiH iiiminiMnUiiiTii nnjliwlioJ. mwt ytan at mnrh «»— *^ fru iwt. ■grr i i i W Ir 

in this c*»ntitry, wh'^rc the Pi^; is an animal of mnre importancp t!.:m elsewhere. No wnrk has 
hitherto app<-^ml treating fuUf of the vwoous breeds of swioe, Uuiir diseases and COie, breed nvr, 
fattening. &c., and the preparatiMof iMOon, salt pork, ham. itc, winte ttw hum of Oa antiior of 

mon- afx'essible txs those whom it particularly interests, the publishers have prepared cnpips in 
Bent illastrated paper covers, suitable fur transmuKton by mail; and which will be tent Umracli 
the post-office oa the receipt of fifty cents, free of postage. 



CLAUR AND YQUAIFS CATUE DOCTOR. 



EYERY MAN HIS OWN CATTLE DOCTOR: 

CONTAINING TUi: CATJSES. SYMPTOMS AND TREATMENT OF ALI. 
DISEASES INCIDENT TO OXEN, SHEEP AND 8WINE; 

AND A SKETCH OF THE 

ANATOMY AND FHl SiOLOGY OF NEAT CATTI& 
BY FRANOIS OLATBR. 
smmi, RiTisBS AII9 ALXotT st'Wftimii, n 
WiLUAM VOUATt. AUTROft OF "TtOI llOBiB.** 

WITH irxmxKoos AODirioits, 

' mSRACM Air SSSAT ON THE USE OF OXEN AND THE mEBOYEllENT tSt THB 

BREED OF SIIEKP, 
BY J. S. SKXNN£R. 
VITB NUIIBBOUS CUTS AKD HiLUSTBATlO V8« 
la one ISmo. ▼oltnm, doth. 

" As its title woald import, it is a mot^t valuable wurk, and should be in tlie hands of efeiy Aiw 
ncan tarmeti and wa feel prood in saying, that the value of the wctrk has been «rreat!y enhanced 
bf the ooBtribvtioiis of Vr. Sktonar. Qater and YouaU are names treasured by the faraung eotn- 
■ranities of Europe as honwliold ; oorilooaibMlof SUniwr 4MMV0 to lolM«to«Mi to 



CLATEil'8 FARRIER. 



EVERT MAN HIS OWN FARRIER: 

CXniTAlMNO TIU GAVflBS, SYMITOMS, AND MOST APPROVSD MMHBI3 S OV* 

OF THE DISEASES OF HORSE'^. 

B7 r&iLK'OXS OZsATSa, 

Antiior of " Every Man his own Cattle Doctor," 

AND HIS SON, JOHN CLATER. 

FIRST AWBRICAN FAOM THS TWENTy.EIGHTH iONDON SD1T10M. 

W I T II K 0 T K ? WD A 1> a I T I O K 8 , 

MV J. S. SKIXTXTBRa 

lo oae J2mo. volume, clotlu 



HAWKER AMI P OITEB ON SHOOTINi. 

INSTRUCTIONS TO YOUNG SPORTSMEN 
IM ALL THAT RELATES TO GUNS AND SHOOTING. 
B7 liZEUT. COls, P. HAWKER. 

FKOM THE FJfLARORD A5D IMPROVED NINTH LONDON EDITION, 

TO WHICH IS ADDED THK HUNTING AND SHOOTING OF NORTH AMERICA, WITH 
JUSGBlPnONS OK A.MMM.s and BIRDS. CARKt-ULLY COLLATED 

FRuM AO rUEMiC SOURCES. 

BT W. T. PORTER, BSO* 

EDITOR OF TIIK N. Y. sriRlT OF THE TIMES. 

In one large octavo volume, rich extra cloth, with nuinvrnus Illustrationa. 

"Here i» a ftooAr, n band-bodk, or nUlier a tejct-book— one thnt containa the whole roatine of the 
». It ie ibe I^mar, the lexicon, and the Homer. Ererfthmff w here, from the minnlMt 
I of a fon-lock. to a dead ituttalo. The sportsmaa who reads iliis hook understandingly, i 



. He will know the science, and ma^ sire adrice to othera. Etery sporUmajK 

and aporta m ea ai« p!eiittAil, flttnold own this work. It afiotilil be a " vade meeano.** He sboaid 

be examined on it« contents, itnd estimated by his abilities to answer. We have not been wMUMIt 
treatises on the art. but hitherto ihcj have not descended into all the mioutis cquipmante aod 
qoaliricatir,ii<< u, pr irt to thr> complctioa. TUsmck aivpliea da5ciaiicia8| and cumplataa tte 

tpor^smuii'n lihniry." — t'. S. GiizelU. 

" No man in fhf ronnTy rh;il wot of is so well calculated as our friend of flie ' '-j it it' Tor tha 
task he has uii«it:rtukeii,uiid thi: rt^su.t ><f Ium laboupj has been that he has turned out a wurk wlucb 
ihould be in the hands of every m:in in ttir liitxi who owns a double-bUTelled fun."— N. O. /'tcayuw* 
A volttroa i^ndidly printail and bound, and embelUslied with numerona baautuol engravinf^ 



whkhwilldB Wigi bottaraatdMMUid. No sportamaa, indeed, ought to to wilhoafclUwiuhithn 
poanliaadBr Witt find in iupagean fond «€ canon and oaelidi^^ fn^pk 

YOUATT ON TMB BOG. 

THB DOa, 

BY WILLIAM YOUATT, 
Author of ** The Bbna," Ae. 

WITH NUMEROUS AND BEAUTIFLM, IT. M' ST RATIONS. 
EDITED BY £. J. LEWI S, M.D. tec , fcc. 
In one beanttfhll^ printed ToItiiDe, crown odttvo^ 

LIST OP PLATES. 
Hcnd of Bloodhound— Ancient Grevhoiinds— The Thibet Dog— The Dm«o, or New lioUaud Dopp— 
The Danish or Dalmatian Dor- Tlie Hare Indian D(»k— The Greyhound— The Grecian Greyhound 
—Blenheims and Cockers— The Water Sfiaiuel— The PiMidle— The Alpine Spaniel or Uernardioa 
Ikig— The Newfound IujmI Dor— The Esqiiinmux Dig— The English Sht-ep Dv^— The Scotch She^ 
Dog— llie Beai(l»->The Harrier— 1 ha Foshoaod— 1^ of Oooilwood Ketuwl— The Soathera 
Honnd— The Seitet^The Pninrcr— The Bull DogwThe )1nBtiff~The Terrier— Skdeton of thn 
IX^— Teeth of thfi Dop at seven different aijrs. 

** Mr. Voualt's work ts invaliuihle to the studt nt of cniuiie fustory; it is foil of eatertainine 
instructive matter for the genoriil n.iuler. To the .sportsinnii It commends itself by the lan^i Liiiniiiit 
of usefol information in reference to hu pectilnir purauits which it embodies— informaUtMi wlui-.h 
b^onnnot find elsewhere in so convenient and itt rt^ssiblo a form, and with so rehable nn iiuthority 
to entitle it to Ins consideration. The modest preface wlueh Dr. Lewis h»s made to the American 
edition of thiawork scarcely does justice to the additional value hu hns imparted to it; and thn 
poMiriien are entiUad to ^raat credit fiar theJ>andsome mnunar in which (bey lum» gxA ii iq^"— 
ManA JOMBrieam. ^ ^ 

THS SPO&TSSSAK'S Id X B R iV R 7, 

OR HINTS ON UUMTfiRS, HUM ING. HOUNDS, SHOOTLNQ, GAMS; D0Ci8» GUNS^ 

FISHING, COURSING. Jtc., Aa 

BT JOHN M2LI.8, ESQ., 

Anthf>r of "Tlu- Old English Geiitl.:man," Vr. 
In one well printed royal daodecimo volume, extra clotii. 

•VABXaB T^I.K AXTD TABX.B TAZiX» 

OR srK(n'.A<'!.i:s vmi vn? v,- '--rcirrsMEM. 
BY HAfiHY HI£OV£K. 
la on* Ttfry neat duodecimo volune, extrn clnlb. 

"Tli' sc lively .skptrhos iiiiswcr to their title very w< II. Wherever ^imnxl is welopme, UMVt 

sljuuld 1*8 cordial fpneelio^; for Harry Hieover. His book is a verv clever one, and — *~' 

, aa well as much light-hearted feeding.'*—/' 



TEtB DOa AXTD THB SPORTSMAXT, 

8SIBRACING THE USES. l^IiKKIMNC. TK.M.MNC. I)l^i;\Si;s. Ki r . OF DOGS. AND AW 
ACCOUNT OF THE DIFFERENT KINDS OF GAME, WITH IHEIR HABITS. 

AltOf HIttto to Sliootnv% wMli -rarfimn mneftal R*«lp«s, 4tc«9 

BY J. s. skiknur. 

With Plateo. In una very neat LZmo. voloste, ^«tra dvUi 
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LEA AND BLANCHARD'8 PUBLICATIONS. 

FaANCATEUrS MODERN^ FAENCH COOKERY. 

TSS MODERir GOOK, 

A.PBA011QAL OUIDK TO T115 CULINARY ARl , IN ALL IT$ BRANCHES. ADAmO AS 
WILL FOR TUJE UMiSSTT JEST4BLlSIiMKNTS AS ft)ft TUFuSfi 

OP nUVATlFAinUBS. 

BY CHARLES EUtt FRANCATELLI, 

Fll|Mt«f lhe> <%I«hrat4tl rarrane, and \n<f M ttrrr D'Hc^tel mul Chief Cook to her Majesty tlM 9aMB> 

In one large octavo votuoie, extra cloth, with numerous illustrations. 

** It KHpetkm to I* the buok uf btj«k» on oiwkti^-. J>eiii? a mtwt Crtmprphensive treatise on timt ait 
prewTv.i'ivt- ntul ooiiflenratiTe, The work compri^-s. lu one l:irt;«^ and rlflgant ootaro rolume. 111? 
rnnix K tMr (-.lokinr dubes iiod denert«, with numerooa iJiu»trationji ; also bdlsof (are ami direo 
ii<.n>< tnr •iiontiviMrwrtiyMnlh iBllMfiar,igr«oiViagiMoriiz panou to tiraiilj*«lBht-*Ml 

"The ladies readinir Hsfnzine, wfD thank us fhreailliitr attentidn to tlus mat work on the 

noble MTieiitw of cookini;, in whjcfi everybody, who has any ta^tf , fw>:«i a deep anu rijidinp: interest. 
FranrBtelli is the Plain, lh« Shaksr>faro, or the Napoleua oi lij* Ut ^^i«irtment ; or perkaps U»c 1a 
Piare, for his performnnnv hear* tli« s^mmc rela'ioii tu ordinary cook bcNoks that the Mecanique 
Cetette dues to DabulTK Arithmetic. It is a largn <ic\avo, profusely iUustrated, and ootUams every* 
* * ■* liy of inakm;: iliiinrn*. sn;>i^>ni, etc., that is Worth knowing. — C 

MiSS ACTON'S COOKERY.^ 



RODCED TO A SYSTI7.T OF EASY PRACTICK. I'DR THK I SE OF PRIVAl'E FAMILIES. 
IN A SERIES OF PHACriCAL KKC fclPfS. A LL OK WilLCU AK£ 01V£N 
Wmt THE HOST Mmtrb EXACTNESS. 

BY ElilZA ACTON. 

WfTH NrMEROrs AVroD-CUT ILLUSTRATIONS. 

TO WHICH IS ADDED, A TABLE OF WEIGHTS AND MEASURE& 
m WBout Mxnm ksn> rmutn worn uaauum tumwnnnmm, 
BY MRS. SARAH J. RAlbB. 

From tilt" S( c<jiul London Edition. In one large 12mo. vohimc. 

*'Mi9a Klizn Actnii may conmratulate herself on hnrfnR coiupoeed a work of ^reat utihty, and one 
ttial IS Bpeedily fhiduiK its wnv to every 'drfvM-r' in tiu> kingdoro. llvt Cookery-book is unquea- 
Lionahljr ihe ntoat valuatJe CM>iiiiioui]ium of the art that has yet been pubUsbed. It stronc^ incul- 
cates eoonoffiieal prtaiciDles, and pomtn out how good things nuy be cunoocied witlinul tMt reck- 
less eitnniigaaos whksft food ooohs hafa beea wont to ImaciAe the best evideaoe thsf caa givo of 
their |injM»."^P£M«s»iian«v 

THE CO MPLET E COOK. ' 

FLAIN iND Y^mm DIRECTIONS FOR COOKING ^.ND H0U3iKtefllH 

WITH UPWARDS OF SEV£K HUNDRED RX:G£IPTS. 
QNMuatiiig of Directions for the Choice of Meat and Poultr}*, Preparations for Cooking; making Of 
Braths and Soups ; Doibn?, Konsting. Baking and Frving of Meats, Fish, 6iC. ; Seasoning!^ 
CoLunwcs, Cooking Vegetables; i'leuanng Sal.ids ; Clarifyuig; Making of Pastry, 
raddingSi Groels, Gravies, Ganu^tiKs, dtc awl with 
Directions for uiakiug Wines. 

WITH AODITIOirs AVD ALTER ATIOHS. 

BT J. M, SANDERSOH, 

OF TUK FUAMKUM IIOUSB. 

fa one flsnll voliine, paper. Price ettly Twettty^-five Ctats. 

THE i»MiH.EfECONFECflM^ BAKER. 

PLAfW AND PRACTICAL DIRECTIONS ^ 

FOR MAKING CONFECTIONARY AND PASTRY, AND FOR BAKING. 

WITH T7PWABD8 OF FIVE HUITDBSD JICOEXPTS, 

CenmUng of Directions fur makini: all snrts of Preserve*:, Sugar BoiJinc, Comfits, Ix 
Omamental Cakes, Ices, I.i<iiit-iirs, Waters. Gum i'tiste Ornaments, 8yrup9, Jellies, 
lalades, ('oin(M>tf's. I}ren<l Baking. Artificial Yeasts, Faacgr 
Biscuits, Cakes. Rolls, Muffins, Tarts, Pies, &C. 

WITH ADDITIONS AND ALTERATIONS. 

BY PARKINSON, 

PRACTICAL CONFECnOHKB. CHK.S1.NUT BTKKKT 

La uae small volume, paper. Price only 'I wealy-tire Cents. 
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